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PEEFACE 


Since thB School Science Review ivas started in June 
1919, notes on Apparatus and Experiments have been 
a fairly constant feature, and this book is the natural 
outcome. Besides contributions from members of the 
Science Masters’ Association, many have been obtamed, 
directly or indhectly, from University teachers — directly 
in the form of articles and notes to the School Science 
Review, indirectly in the form of demonstrations given 
at the Annual Meetings of the Association. 

A great many of the notes are original, or believed to 
be original, though it is sometimes difficult, particularly 
in Natural Science, to be quite certain on that pomt. 
Many, however, whose names are put to the notes 
emphatically disclaim original authorship. The ideas 
have been acquired from forgotten sources, and no 
doubt many old ways of doing things have been here 
brought up again. 

The book is necessarily a scrap-book, and it is inevit- 
able that it must lack continuity. Another peculiarity 
incidental to this kind of compilation is the somewhat 
rapid transition, even within a single section, from work 
suitable for the Middle School to that of the Sixth Form 
and Scholarship candidates. 

Scraps are not easy to arrange in such a w ay as to gain 
general approbation. Some expect to find aU coimtry 
churches together and all country inns ; others prefer 
that they should appear topographically, A desirable 
feature in the arrangement of a miscellany is that the 
reader should be able t o find h is way about it easily, and, 
what is more, be ablg^Sii^nfe|ce previous steps without 
much perplexity. have therefore been 
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PREFACE 


freely used in the friU list of titles that follows, and those 
pointers have been arranged in alphabetical order. This 
brings about some juxtapositions strange to formal 
science, but then, do not Fred Archer the jockey. Lord 
Armstrong the armament maker, and Matthew Arnold 
the poet, rub shoulders in the Dictionary of National 
Biography ? 

A large amount of space might have been saved by 
leaving out the “ performance ” guarantees, but these, it 
is hoped, will be helpful and encoui-aging, like “ foot- 
prints on the sands of time.” 

The Chairman and Committee of the Science Masters’ 
Association acknowledge with sincere gratitude all the 
help that they have received from members of the 
Association, from University teachers, and from others 
interested in the development of science teaching in 
schools. 

G. H. J. A. 

City op London School, 

E.C.4. 
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MECHANICS AND PROPERTIES OF MATTER 

ACCELERATION 

1. TIMING A FALLING BODY 
C. J. L. Wagstajf 

The apparatus shown in the diagram is designed to fibid 
by a direct experimental method the time a body takes 
to fall a specified dis- 
tance. The result is 
accomplished by 
maldng the time of fall 
synchronise with a half- 
period of vibration of 
an adjustable pendu- 
lum. The falling body 
is dropped from an 
electromagnet (E.M.) 
when the energising 
circuit is broken by 
the pendulum passing 
through the middle 
position. 

The body falls upon 
a platform, p, which 
moves up and doAvn on 
a vertical standard. 

The impact of the body 
on the platform breaks 
momentarily one arc, y, 
of a second circuit, 
the other arc, x, of which passes through a connection 
governed by the pendulum and is broken each time 

1—2 




2 MECHANICS AND PROPERTIES OF MATTER 

the pendulum passes the mid-position. These two arcs 
in parallel are joined in series with a bell, b, Avhich sounds 
only when the currents in both the arcs are both broken. 


E.M 



The body is thus released by the first passage of the 
pendulum through the mid-position ; if the body strikes 



Fig. 3. 


the platform before the pendulum passes the mid-position 
on its return swing, the bell rings. When the platform is 
adjusted for the greatest faE for which the bell will ring, 
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the time of fall must be equal to the halt-vibration period 
of the pendulum. The pendulum can be timed by a 
watch ; the lieight of fall is measured on the scale on the 
standard. From these results a is calculated. 


The apparatus is in two 
parts. One is a standard 
with a 5-ft. scale by which 
the position of the movable 
platform can be regulated. 

The other portion carries 
the pendulum and the bell 
which sounds when the plat- 
form is in the correct position. 

The necessary connections 
are shown in Fig. 2, and are 
so arranged that it is impos- 
sible to connect up wrongly. 

An error of 0*01 sec. is 
possible and one of 0-003 sec. 
is u.sual; though the machine 
is not designed to attain 
greater accuracy than this, 
results are often obtained 
which are not in en-or by 
0-001 sec. 

2. THE FALLING 
PLATE 

Alexander Hill 



The apparatus 8ho^vn, 

■with the exception of the fork, Avhich is an ordinary 
middle C (250), w^as made in the manual instruction 
room at very little cost. The sliding part is made very 
loose, so that it can fall without touching the frame. 
A small wedge of photographic film is attached to the 
end of the fork by a blob of sealing-Avax, and the fork is 
fixed in the stand by two metal clips. The smoked glass 
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is attached by clips to the sliding part, and the latter 
is tied to the top by a short piece of thread. Some 
folds of blotting-paper may be placed in the bottom to 
break the faU. The fork is bo^ved with a violin bow 
and the thread burnt simultaneously. The plate is then 
removed and examined. If it has fallen freely, the track 
of the wave should be perfectly straight. This can be 
checked by holding the plate up and looking along the 
surface. 

It should now be quite easy to show that each wave 
has been executed in the same time sec.), and that 
the speed is obviously increasing aU the way down. 
Hence there is acceleration. 

If the experiment is done collectively as a demonstra- 
tion, a number of glass plates can be passed round for 
measurement. Quite satisfactory results can be obtained 
by measuring with a steel ruler, although older pupils 
might be taught to use a travelling microscope. 

With a 250 fork, the waves should be grouped in eights 
by placing a small pin-scratch near the crest of every 
eighth wave. 

This simplifies the arithmetic, since eight vibrations 
will represent sec. 

No further equation or formula is necessary. The 
measured lengths are filled in on the fable shovm, and the 
value of “ g ” comes out autmmtically. 


liCn^h 0 / 
Ecctor. 


Aycrago epccd. 

lacrease of bpeed each 
sector. 


Acceleration. 

(Dist.per 
it sec.) 
1'51 cm. 

2- 47 „ 

3- 42 „ 

4- 39 „ 
6-35 „ 

X 32 

if 

tf 

Sf ' 

If 

i 

1 (Diet, per sec.) 

48-30 cjn./secs. 
79-02 

109-47 

140-37 

171-06 

(I.e. increase per 
it see.) 

> 30-72 cm./secB. 

> 30-43 „ 

> 30-90 „ 

> 30-68 „ 

X 32 

f 1 

(Increase per 
sec.) 

983 om./sees. 
974 „ 

989 

982 „ 


It is important to notice the advantages that this 
experiment has over the usual “ pendulum and bob ” 
experiment, quoted in so many textbooks : 



ATWOOD’S MACHINE 5 

(i) The idea of acceleration is clearly sho^vn on the 
smoked plate. 

(ii) It measures acceleration direct and demands no 
previous knowledge of equations of motion, nor, in fact, 
of any part of mechanics, except the definition of accelera- 
tion. 

(iti) An accuracy of 1 per cent, error can 
be obtained with the simplest of apparatus. 

3. A “FREE-FALL” APPARATUS 
S.8.R., (X) 39 

The apparatus consists of a board, about 
30 X 4 in., arranged to slide vertically 
between guides fixed to a back board. It 
is supported electromagneticallj’ by using 
an accumulator, which also provides current, 

“ in series,” to another electromagnet fixed 
on the side at the loAver end. The latter 
attracts a light spring which carries an 
inked brush. A piece of paper is pinned 
on the board and the current switched off ; 
a trace is obtained from which the 
fundamental principles of acceleration can 
be studied. 

4. ATWOOD’S MACHINE 
TF. G. Allanson 

The figure shows a simple form of the 
“ ribbon- Atwood.” The vibrating brush is 
carried at the end of a metre rule clamped 
at its lower end. The trace is made on a strip of 
paper, pinned to an ordinary school ruler or wooden 
lath with bevelled edges, running between the two lower 
pulleys. Using the apparatus, a class of boys can 
prove : (a) acceleration varies as moving force for a con- 
stant mass ; (b) acceleration varies inversely as the mass 
moved for a constant moving force. 
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By comparing the vibrations of the metre rule with 
those of a loaded and more slowly vibrating one, the actual 
time of a vibration can be found, and 
hence the value of g. 

5 . A SIMPLE TROLLEY 
H. F. Biggs 

The trolley is supported on three 
steel balls, on which it rolls. These 
balls form a low isosceles triangle, 
ABC, the two, A, B, at the base, 
running along a guide, g, near one side 
of the bed, and the third, C, running 
on a parallel guide at the other side. 
On the bottom of the trolley is a corre- 
sponding long guide running on the 
l)alls A and B, while on C runs a 
piece of plate-glass, P. The ball, 0, 
itself can be made to run on a guide 
like that for A and B, but it would be 
theoretically more perfect to have it 
running with plate-glass below as 
well as above, thus avoiding the shght sliding friction 
caused by lack of parallelism between two guides on 
either trolley or bed ; then something of the nature of a 
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little socket would have to be placed on the glass at the 
starting-point to keep the ball in position. 

Each guide is simply formed of a pair of glass tubes 
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(“ rails ”) kept apart by a small glass tube between them. 
About 7 mm. (the thicker the better) for the “ rails ” and 
3 mm. for the siDacing tube are dimensions that answer 

Plan of Trolley (bottom up) 


C 
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very well with ^’ij-in. steel balls (sold for Id. each at any 
motor garage). The guides are held by washers fastened 
by screws, round-headed for preference. These should 
be in pairs on opposite sides of the guides, and spaced not 
more than 6 in. apart, so that when the troUey is loaded, 
the guides •will not be forced apart by the balls between the 
points where the tubes are fastened. The tubes take up 
the general contom of the wood on which they lie, and, 
therefore, if great perfection is desired, although it is no 
use choosing specially straight tubes, the bed and trolley 
should be planed with some care, or the tubes packed up 
■with paper where the 
wood dips, to get them 
truly level all along. 

However, such refine- 
ments are unnecessary 
if one is content with 
a troUey that ■wiU run 
■with an obvious ac- 
celeration down a slope 
of one in a thousand, 
or when puUed along 
on the level by a 
weight of 2 grams. 

SmaU ■ivriggles of the guides from side to side are 
immaterial, especially if the apex ball, C, runs on a plate. 

The vibrator, a mild-steel strip, is fixed between the 
stems of three stout 3-in. screws in the side of the beam 


Section of TroUey and Bed 
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(4 in. wide by 3 in. deep) which forms the bed. The 
brush then makes its trace on a vertical side fitted to the 
trolley. It is an advantage to have this one-sided weight, 
since it brings the centre of gravity nearer the base of the 
triangle of support, and so allows the trolley a longer run 
without toppling over ; the same end can also be gained 
by having the rails, AB, well in from the side of the appa- 
ratus. Of course, the trolley is then even more liable to 
be knocked over, but it is easy to arrange guides clearing 
the trolley by a few millimetres which will prevent such 
disasters. With a run of 50 cm., about twenty waves are 
traced on the paper when a weight of 5 grams pulls the 
trolley along the level ; and when first differences are 
taken over ten waves, and second differences over five 
waves, the results agree within 10 per cent. ; but greater 
accuracy could be gained by careful planing. 


6. KATER’S PENDULUM 

F. A. Meier 

Kater’s pendulum, as supplied by dealers, is an un- 
necessarily large and expensive piece of apparatus. 
Results accurate to per cent, for g can be obtained 
with a pendulum much reduced in size and weight, which 
can be constructed for 25. Only the simple operations of 
drilling, tapping, filing and sawing arc required, though 
of course a better finish can be obtained with a lathe. 
Care must be taken not to make the pendulum too light, 
for experiment shows that a light pendulum is affected 
to the extent of about 1 sec. in COO secs, by the air 
resistance. 

The design given below has been very thoroughly tested 
both in air and in a vacuum, and is guaranteed to give 
results to within g’o per cent., for g,if a good watch is used. 
The masses have been chosen so that air resistance is 
negligible, as can be seen by inspection of the table below 
for this pendulum swung in air and then in a vacuum. 
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Ko. at swiaga. 


Time in air 
(sees.)* 

Time in tocuo 
(secs.). 

100 


1190 

118-8 

200 


237-8 

237-8 

300 


356-6 

356- G 

400 


475-4 

475-6 

500 


594-4 

694-6 

COO 


713-6 

713-6 

700 


832-4 

832-6 

800 


961-4 

961-4 

900 


. 1,070-2 

1,070-4 


Witli a stop-watch, tested and found to be accurate to 
r, sec. in 1 hour, no measurable difference of time is 
observed for 18 mins. ; the difference between the end 
times is attributable to the stop-watch error. This 
means that the air affects the resiilt not more than 1 part 
in 6,000. 

Construction of the Pendulum. — Tliis is most easily- 
understood from the diagram. The knife edges and 
Kj are safety-razor blades fastened to a small sliding piece, 
C, in Fig. 10, by two small set-screws, a and b, passing 
through the two outer holes of the blade. A small screw, 
P, shown in the smaller figure, clamps the metal piece to 
the pendulum rod. The knife edges are set on the same 
side of the rod, and to restore the balance and make the 
rod hang vertically, the circular weight W is drilled 
eccentrically. The holes in the blade are large, and per- 
mit of accurate adjustment of the blades at right angles 
to the rod. For safety, the edges of the blades are 
blunted by rubbing them on fine emery cloth. The 
support for the pendulum is a fiat piece of metal with a 
slot in which the pendulum may swing, and a small hole 
about an inch distance from the edge of the slot for the 
simple pendulum to hang beside the Kater’s pendulum. 
N is a nut for fixing the thread of the simple pendulum. 
The hole for the thread is large at the top (i in.), and 
ends in a small hole which may bo made by hammering a 
stout needle through the remaining small tluckness of 
metal. The length of the simple pendulum may then, 
■without sensible error, be measiued from the lower 
surface of the plate. 
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Fig. 10. 

Approximate weight of pendulum = £-1 lb. 
Sliding weight W =5 oz. 

Sliding weight D =3 oz. 

Total cost (not including the blades) = 25. 
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Method of adjiisting the Pendulum so that the Times of 
Swing about the Two Knife Edges shall he equal or nearly 
equal. 

Fix the knife edges approximately as shown in the 
diagram and keep them fixed throughout the experiment. 
Adjust a simple pendulum ivith a very small bob (a bicycle 
ball-bearing, J in. diameter, is suitable if a small loop of 
flexible copper wire be soldered to it). The length of this 
pendulum, as measured from the centre of the bob, must 
be made equal to the distance between the knife edges. 
Adjustment to within 1 mm. is not difficult. 

The two pendulums are hung side by side on the support 
described previously and shown in Fig. 10. If they are not 
isochronous, the weight W, which should be at the bottom 
to start vdth, is shifted slightly until the simple pendulum 
does not gain or lose half a swing in 50 complete swings. 
liTo further adjustment need be made, and it only remains 
to take the time of swing accurately about the two edges. 

The value of g is worked out from the formula — 

g \ 4- /ij h^ — h^)’ 

the second term in the brackets being small, only approxi- 
mate values for h^ and h^ (the distances from the knife 
edges to the C-G- of the pendulum) are required. 

BOYLE’S LAW 

1. BOYLE’S LAW APPARATUS 
Rev. B. Q. Swindells, S.J, 

To make the apparatus shown in Fig. 12, two glass 
tubes (about ^-in. diameter) are cut about 6 in. to 8 in. long, 
and the ends made suitable for taking the pressure tubing. 
One of the tubes is, of course, closed, and the closed end 
should be flattened ; the other tube is best made funnel- 
shaped at the end to facilitate the pouring in of the 
mercury. A further refinement, which is not necessary 
but a great improvement, is to seal a side reservoh’ on to 
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the open tube ; this 
eliminates the danger 
of an overflow of 
mercury. 

The open tube is then 
wired on to one of the 
jaws of a “ bull-dog ” 
clip. To do this the 
jaw is taken out of the 
spring, two pairs of 
small holes are drilled 
in it and a wire is 
passed through each 
pair. The wire is then 


twisted round the tube. The pressure tubing is then 
wired on to the two glass tubes. 


If the only metre scales available are those graduated 
along one edge, the closed tube shoidd be wked on to this 


edge of the scale, as in the figure. If tliis wiring is made 
fairly loose, the tube can be slipped on or off the metre 


scale as required. The 
open tube is clipped in 
any desired position on 
the other edge of the 
scale. If, however, metre 
scales are available 
which have the gradua- 
tions down the centre, 
both tubes may be 
attached to “ bull-dog ” 
clips, and clipped one to 
each edge of the scale. 
This is, of course, a more 
convenient arrangement. 
The metre scale is held 
upright by tAvo clamps 
on a retort stand. 

The cost of this Boyle’s 



Fig. 12. 
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Law apparatus, if the special components alone are 
considered, is covered by a few pence. Yet, if a 
set-square is used to avoid parallax in the readings, an 
average boy vdU find “ PV ” to be constant to 1 in 400 
or 500, while an accuracy 
of 1 in 700 or 800, or 
even more, is often ob- 
tained. 


8. TO VERIFY 
BOYLE’S LAW 
WITH A BICYCLE 
PUMP 

F. A. Meier 

The details of the 
apparatus can be most 
easily understood by 
referring to the perspec- 
tive sketch (Fig. 13). 

The pump is an ordinary 
Bluemel bicycle pump 
of internal diameter £ in. 

When buying such a 
pump, it is best to 
check the diameter with 
calipers, as it seems cus- 
tomary to specify pumps 
by their external dia- Fio. 13. 

meters. The wooden 

handle is removed by filing the metal at the end, until the 
handle can be slipped off. In its stead, a small piece of 
metal rod is soldered into the tube, as well as a small 
metal cross-piece, M, to which the cords can be attached. 
A shallow recess, R, is made in the block of wood into 
which the lower end of the pump barrel can fit, to prevent 
it from shpping ; the block, K, is clamped to the table. A 
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“ buU-dog ” clip, C, soldered to a piece of knitting pin, P, is 
a convenient arrangement for holding the scale for measur- 
ing the volume. This scale should rest on the top end of 
the pump barrel. It measures the volume of air in the 
barrel in cms. of tube, and not in c.c. The method 
adopted for closing the lower end of the pump is the same 
as that described and shown in Fig. 27, p. 25. 

Pressures up to 8 atmospheres can be used without 
damaging the pump, and if the washer is soft and well 
oUed, the small amount of leakage, if any, is remarkable 
and most unexpeeted. When carrying out the experi- 
ment, the weights are placed on the hanger, and the 
plunger should reach its new position of equilibrium with- 
out any touching on the part of the experimenter. Only 
in this way can leakage be avoided. 

Below is given a table of results taken with the appar- 
atus. The total force on the piston, of course, includes the 
weight of the piston and accessories, together with the 
atmospheric pressure. 


Total lorcc o^i 
piBton in lb. 

P. 

Volume. 

Vi 

I 

Volume. 

P.V. 

8-3 . 

. 8-66 

■118 

736 

10-6 . 

. 708 

•141 

744 

12-5 . 

. 504 

■168 

746 

14-5 

. 610 

■196 

74^i> 

16-5 . 

. 4-48 

■224 

738 

185 . 

. 3-99 

■251 

738 

20-S . 

. 3-61 

■276 

740 

22S . 

. 3-28 

■305 

738 

24-5 . 

. 301 

■332 

738 

26-5 . 

. 2-80 

■356 

741 

28-6 . 

. 2-69 

■386 

738 

30-6 . 

. 2-43 

■412 

74^0 

32S 

. 2-28 

■438 

740 

34-5 . 

. 214 

■468 

73^7 

36-5 . 

. 201 

■497 

736 

38-5 . 

101 

■623 

736 

40S . 

. 1-81 

■652 

734 

42-6 . 

. 1-73 

■578 

734 

44-5 . 

. 1-66 

■001 

736 

46-5 . 

. 1-68 

■632 

734 

48-6 . 

. 1-52 

■658 

730 

ms . 

. 1-46 

■683 

737 


MeanP.l'. =73-8 
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No doubt many teachers have found that the ordinary 
Boyle’s Law apparatus gives only a very small part of the 
hyperbola which can hardly be distinguislied from a 
straight line. The unfortunate result is lliat only too 
many boys, when they have obtained what they believe 
to be a straight line, di’aw the conelusion that Boyle’s Law 
is true. This deplorable result cannot occur if pressures 
up to 8 atmospheres are used. 

Greatest deviation from the mean is less than 1 per 
cent. 

P.S . — ^The idea of using a bicycle pump to verity Boyle’s 
Law was, I beheve, originally due to Mr. Anderson, of 
George Watson College, Edinbui'gh, but I do not Imow 
whether he designed a suitable form of apparatus. 

DENSITY 

9. RUBBER BALLS FOR DENSITY WORK 
8.8.B., (HI) 9 

Solid rubber balls, 1 in. in diameter, are useful for 
density work. They sink slowly in water, but float if 
a little salt is dissolved in the water. The relative density 
of rubber is 1-03. 

10. ARCHIMEDES’ PRINCIPLE 
Eev. W. Burton 

The base of a 6 X 1 in. test-tube is flattened by 
heating it in the blowpipe flame and gently pressing it, 
while hot, on a flat surface. A narrow strip of squared 
paper, ruled in cms. and mms., is then pasted down the 
inside. When weighted with leadshot and hung from 
a spring balance, it is immersed to various depths in 
liquids and the upward thrust observed for various depths 
of immersion. The cross-section of such a tube is nearly 
5 sq. cm., and with a spring balance reading to 100 grams, 
a convenient series of readings can be obtained. It can, 
of comse, be used as a simple hydrometer. 
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11. ARCHIMEDES’ PRINCIPLE 

K. H. Cochran 

Graduate a glass jar to measure ounces of water (a 
Nicolson hydi’ometer jar does very weU). This is done 
to a sufficient degree of accuracy by pouring in 453-6 c.c., 
marking the surface A (1 lb.), then adding a second pound, 
and so obtaining B. Rub the sm-face of the jar from 
A to B with a carborundum hone, which will give a matt 
surface on which graduations may be 
marked in pencil. Divide AB into 16 
equal parts. 

Use a spring balance reading 
4 lb. X 1 oz. or i oz. {“ Sports- 
man’s ” Tubular Balance). Suspend a 
kilogram weight and read the balance 
to nearest ounce. Read the water 
level, which should be adjusted exactly 
to a mark on the scale. Now 
partly immerse the weight and 
read balance and ounce scale again. 
The difference between the readings 
of the balance gives the upward 
thi'ust, and the difference between 
the scale readings is the weight of 

water displaced. 

By tliis method the truth of the principle for partial 
and for total immersion may be shoAvn. The graduated 
ounce scale also enables the weight of displaced fluid to 
be read directly. 

The same jar may be used to demonstrate the truth 
of the principle for other liquids if two or more ounce 
scales are added, e.g. one for alcohol and the other for 
turpentine. The first jar may also be used to And relative 
densities of floating bodies. The body, when floating, 
displaces its own weight of water. Total immersion 
gives the weight of an equal volume of water. 




T 
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Results ai'o read to the nearest ounce only. The lower 
portion of the jar is not graduated for obvious reasons. 

12. SIMPLE ILLUSTRATIONS OP ARCHIMEDES’ 
PRINCIPLE 

J. D. Peterkin 

No. 1. — ^Fit up the apparatus shown in Fig. 15. A is 
a toy balloon, B its wooden mouthpiece. Attached to 
B are CD, a long rubber tube, and E, a 20-gram weight. 
F is a tall, wide, glass jar filled ^vith water. Blow into 
the tube at D. The balloon expands and displaces more 
water. The upthrust increases, and the balloon rises. 




Allow air to escape at D, and the balloon sinks. 

Set up a similar apparatus, employing a balloon of the 
same size, but using a heavier weight, say, 50 grams, 
at E. Blow up the two balloons side by side. 

No. 2 . — ^Fit up the apparatus shown in Fig. 16. A is 
a boiling tube ; B a one-hole stopper ; CD a rather wide 
glass tube closed at C ; and G a long thread tied on to 
the boiling tube at F. 

Add shot, E, to make the apparatus just sink in water. 

Lift the apparatus out of the water by means of the 
thread. Pull up the tube, CD, so as to lengthen the por- 

1—3 
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tion above the stopper. Tlie apparatus now displaces 
more water, and is able to float : it is easy to make it 
sink. 


13. THE FLOTATION BOX 


This has proved very useful for the study of the Law of 
Flotation. The boxes are made in the school workshop 
of J-in. wood, of such a width that they will stand on the 
balance scale pans. Paper scales are gummed to two 

diagonally opposite corners, 
and pieces of sheet lead 
placed on the bottom of 
the box. Molten paraffin 
wax is then poured on to 
the lead, and when this hiis 
set, the whole box is oiled 
and varnished within and 
without. In experimenting 
with the box, a set of 
readings is taken in which 
displacements of water (very easily calculated from the 
depth) are compared with total floating weight. Any 
displacements up to about 200 grams can be obtained 
with the box shown (the figures in the two columns seldom 
differ by more than one or two units). In taking the 
depth, readings are taken on both scales in case the box 
has a list. 
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14. HYDROMETERS FROM BROKEN PIPETTES 
S.S.R., (XII) 45 

Pipettes which arc spoilt by chipping at the tapering 
end may be converted into hydrometers by blowing a 
bulb, as shown. The construction forms an interesting 
study in stability. The sizes given are approximately 
correct for a 25-c.c. pipette. In some cases it is necessary 
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to replace the upper tube by thinner-walle'ci ^^'^bing or 
to shorten this tube. 

The calibration of such a hydrometer, by using^lt 
solutions of various strengths, the densities of which arh'- 
obtained first by S.G. bottles, has been 
found successful in a first-year science 
class. Regular graduations may be 
obtained by interpolation on a depth- 
density graph. A paper scale can be 
fastened inside by sealing-wax. (These 
materials must be inside during calibra- 
tion measurements.) 


Sealed 


Wax- 


Paper 

Scale 


15. CARTESIAN DIVER 

G. D. C. Mason 


Wai-J^ 


t 

ieme. 

♦ 






Sealing 

Wax 


t 

Seme, 


Bulb 
1-5 erne, 
diam. 
Fio. 18 . 


The jar is fairly tall (those 
used in resonance experi- 
ments are quite satisfactory), 
so that a reasonable depth of 
water is obtained. An air 
space of an inch or so is left 
at the top, which is covered 
with a piece of sheet rubber 
from an old football bladder, 

— M — I held in place by a rubber 
ring. The test-tube has a 
piece of folded copper gauze at its mouth, 
of such a size that when the tube is partly 
filled with water and inverted in the jar, 
it will just float inverted in the water. 

If now the rubber sheet is placed in posi- 
PiG. 19 . tion, the test-tube will behave like a Car- 
tesian diver, but with the advantage that 
the change of water level inside the tube is easily visible 
as it .sinks and rises. 
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16. LEVER METHOD FOR SPECIFIC GRAVITY 
S.S.B., (V) 18 

The specific gravities of an insoluble solid that sinks in 
water, an insoluble solid that floats in water, and a liquid, 
are easily found bj?^ using a simple lever. The method 
has several advantages. There is no risk of damping 
and spoiling a good laboratory balance, and no “ weights ” 
are needed. 

Case 1. — Solid, IT, heavier than water. 

Take a metre rod, bored and supported by a horizontal 
needle at 0, the 50-om. mark. On the left side, at A, 
hangs the body W whose specific gravity is to be found. 
Balance the lever by hanging on the right side, at B, 


A O C B 
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any suitable mass, K. Place a beaker of water under W 
so that W is immersed, and move K until the lever again 
balances. K is now at, say, C. Then — 

Specific gravity of W = 

Checks are easily made by varying the position of A. 
Case 2 . — Liquid L. 

Three readings are taken. The first and second, 
B and C, are found exactly as in Case 1. W is next 
immersed in the liquid L, and a fresh balance point, D, 
is found. 


Specific gravity of liquid L = 


BD 

BC' 


Case 3 . — Solid lighter than water. 

Take two sinkers of the same material, but not neces- 
sarily of the same weight. Balance them, one at A on 
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the left, the other at S on the right. Hang W at A, and 
balance it by K at B. Conditions are now as shown. 
Now inunerse W and its sinker in water, and also immerse 
the sinker at S in water. The upthrusts on the two sinkers 
have equal momenta about 0, and aU we have to do is 
to move K until a balance is again obtained. K goes to. 


AGO B S 



• • 


□ 

Sinker W ^ 


< c 

J Sinker 
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say, C, which will be on the left of 0. Then — 

OB 

Specific gravity of W = ~, as in Case 1. 


17. SPECIFIC GRAVITY OF A SOLID LIGHTER 
THAN WATER 

(V) 18 


The usual laboratory sinker method of finding the 
specific gravity of a solid lighter than water may be 
simplified considerably. Hang a 20-gram brass weight 
from each arm of the balance. To one fasten the solid in 
question over the left-hand pan, and add weights to the 
right-hand pan to bring the beam to the horizontal. 
Call these weights W^. Do not remove them from the 
pan. Immerse both sinkers (one with the body attached) 
in water. Add weights, W^, to the left-hand pan to 
balance again. These weights clearly mea.sure the up- 
thrust on the body. Then — 


Specific gravity = 


w; 




260 

240 




0 1 2 3 4 5 6 7 
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ELASTICITY 

18. COEFFICIENT OF RESTITUTION 
E. J. Atkinson 

A golf -ball is allowed to fall freely vertically upon a 
steel plate which can be adjusted for horizontal, and the 
heights of successive rebounds noted. 

A convenient starting height is 256 cm. Thin rods, 
placed out horizontally from an upright, serve to mark 
the heights of the bounces, because it can be seen clearly 
when a rod is too high or too low. The positions of the 
several rods will show how the heights diminish, a fact 
possibly better illustrated by plotting against n as 
shown in graph (Fig. 22). The straight line obtained by 

plotting log A/ ^ against n, as shown in graph (Fig. 23), 
V 

shows the constancy of 1/e and thus of e. 


FORGE 


19. PHYSICAL INDEPENDENCE OF FORCES 
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xlv- 


M 


NM represents 
the edge of a table, 
a half-metre rule, 

XY, being held on 
its edge \ in. from 
and parallel to it. 

A, B and C are 
pieces of chalk or 
other small objects 
touching the ruler. 

The latter is rotated 

horizontally by the hand at Y to the position YX^ and 
then brought smartly back to its original position. 


Fro. 24. 
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The objects A, B and C are projected with different 
horizontal velocities, but all reach the floor at the same 
time. This latter fact is easily ascertained by listening 
rather than seeing. 

Should any difficulty be experienced in moving the 
ruler with the pivot end, Y, at the same spot, as is neces- 
sary for the success of the experiment, a small wire nail 
should be fixed so that its tip projects through the ruler 
in the manner shown in the smaller diagram. 

PBESSURE 

20. MEANING OF THE WORD “PRESSURE” 
J. D. Peterhin 

Cut a wooden cube into the shape shoAvn in the figure, 
the face AB being 1 sq. in., the face CD much larger. 

Prepare a flat cake of 
plasticine, at least an 
inch in thickness. Upon 
it place the block in the 
position shown at (a) ; 
then stand a boy upon 
the face AB. 

Move the block to 
another part of the plasti- 
cine, placing it in the 
position (6). Set up the 
experiment near a wall so that the boy may place his 
fingers on the wall in order to keep his balance. Compare 
the imprints made by the block in the two positions. 

21. WATER PRESSURE 
J. D. Pelerldn 

Fit up the apparatus as shown. AB is a large vessel 
with outlet (a Hope’s apparatus will doj. C, D, E, are 
glass tubes, C for an inflow of Avater from the tap, D for 


a b 



Fig. 25. 
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an outflow, and E to show the 
water level in the apparatus 
itself. Turn the tap a little, 
so that the water rises in E. 

The pressure at E increases, 
till the outflow at D is equal 
to the inflow at C. The level 
in E then remains constant. 

Turn off the tap a little. 
The falling pressure at E 
reduces the outflow 
till it is equal to 
the inflow ; the 
water level is again 
constant, hut lower 
than before. 




Fig. 26 . 


22. TO MEASURE THE PRESSURE 
OE THE ATMOSPHERE WITH A 
BICYCLE PUMP 

F. A. Meier 



An ordinary bicycle pump (Eig. 27), 
f in. internal diameter, is suitable. The 
open end is stopped up with a small set- 
screw and leather washer so as to be quite 
air-tight. The cup leather, C, and small 
metal plate, D, must be reversed and 
screwed on again as shown in the flgure. 
There is no difficulty in this. A hole should 
then be drilled in the handle and a loop of 
stout cord attached by which weights may 
be lifted. They should be so adjusted that 
they can just be lifted without pulling out 
the piston, or so that the piston is just 
pulled down. It will be found that a dead 
weight is more satisfactory than a spring 
balance. 
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To make it more convincing that it is the atmospheric 
pressure that is supporting the veights, a small hole, H. 
may bo drilled 2 in. from the lower end of the barrel. 
As soon as the cup leather passes this point, the air will 
be heard rushing in, and no weights at all can be supported. 
It is advisable to leave in the spring, N, as it prevents 
damage to the cup leather. To secure success, the main 
thing is a really soft and well-oiled cup leather. The oil 
should be thick machine oil. 

When starting the experiment, the piston must be 
pushed in as far as it will go, to expel the air in the barrel. 
Even when pressed fully home, a small volume of air is 
left in the pump, but this is too small to affect the result 
materially. Takmg the atmospheric pressure on a given 
day to be 14-7 Ib./sq. in., results of the order 14-9 or 
14-4 can be obtained. 

BOTATION OF THE EARTH 

23. FOUCAULT’S PENDULUM 

B. H. Smith 

This experiment can be carried out easily in schools 
where there is a deep staircase well. 

The pendulum is supported on a wooden beam, cross- 
section 7x IJ in., which is clamped tightly in a hori- 
zontal position across the well. In the eentrc of the beam 
a bed of felt is fixed, and on this a rectangular glass prism, 
3 X IJ X 1, in. Projecting rims should be raised to 
hold the felt and the prism in place. 

The pendulum is made of a rectangular wooden frame- 
work (Fig. 28) of eight pieces of .J-in. wood, nailed securely 
together, from which the wire hangs ; the frame is large 
enough to leave ample space when swinging around the 
beam. A steel ball-bearing, diameter J in., is embedded 
centrally under the top part of the frame, and the bearing 
rests on the glass prism. A narrow hole is drilled centrally 
through the loAver part of the frame, and through it the 
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pendulum wire is passed and wound symmetrically. It 
is held in position by small staples driven into the wood. 
The wire should be steel pianoforte wire, diameter about 
1 mm., and as long as possible. The boh is made thus : a 
stout copper wire is fastened through the bottom of a 



Fig. 28. 


cylindrical tin, height 6 in., diameter 5^ in. ; a ring in the 
top of the wire enables it to be fastened to the steel wire. 
The tin is filled with cement, which is allowed to set. 

The pendulum is allowed to hang for twenty-four hours 
to remove torsion in the wire. The experiment should 
he done at a time when the doors upon the staircase are 
closed and draughts ehminated. 
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In an experiment with a pendulum 22 yds. long, the 
period was approximately 9*5 secs., the amplitude after 
90 minutes was 4^5 in. The rotation measured was 
13°. The calculated amount of rotation per hour is 

11-5°. 


SURFACE TENSION 

24. EXPERIMENTS ON SURFACE TENSION 
J. Howard Brown 

1. Suspend a glass plate horizontally by cotton and wax 
from a balance arm, and counterpoise. Raise the water 
in a shallow tray so that the surface touches the plate 
pushed down to make contact. Add weights to pull 
away the plate. (For ordinary gas-jar plates, this will 
be about 30-32 grams.) Repeat with other liquids, 
e.g. alcohol. 

2. Put a needle on blotting-paper or tissue-paper and 
float this on water. The paper sinks and leaves the 
needle floating on the surface. (Rub the needle between 
the Angers flrst.) 

3. Make a jumping frame from a broken pipette 
carrying a horizontal ‘wdre frame above the bulb, weighted 
with mercury so as to float with the frame 1 cm. or so 
above water. Hold the frame below the water and let 
go ; it will not break through the surface. 

4. A paraffined sieve. Lay a piece of wire gauze on 
a circular block so that 1 in. overlaps ; turn down the 
edge and wind wire around to keep it tight. Dip into 
melted wax and shake the wax out of the holes. The 
sieve will float on water, and water can be poured into it 
(on paper to break the fall) without running out. 

5. Float two matches on water, placing them parallel 
and 1 in. apart ; touch the water between them with 
wire moistened with alcohol. The matches spring apart. 

6. Cover the bottom of a white photographic dish 
with coloured water and touch the sm'face with a glass 
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rod dipped in alcohol. The liquid leaves that part, 
making the bottom of the dish dry. Repeat with ether. 

7. Repeat experiment 5, touching the water between 
the matches with a hot wire. They spring apart, showing 
the lower surface tension of hot water. 

8. Sprinkle sulphur powder on water in a shallow 
metal dish (such as a large tin lid) and heat the edge with 
a Bunsen burner. The part of the water above the flame 
is rapidly swept clean of sulphur. 

9. Repeat experiment 2, adding soap solution to the 
water on which the needle is floating ; the needle then 
sinks. 

10. Twist a thin wire into a flat spiral and float it on 
water. Drop a httle soap solution into the centre of 
the spiral ; it then begins to rotate. 

11. Rub soap on one end of half a tooth-pick and float 
on water. It moves about over the water. 

12. Fasten a small piece of camphor to the stern of a 
tiny wooden boat and float on water. The surface 
tension of the water in front dragging the boat forward 
is greater than that of the camphor solution behind, so 
that the boat moves forward. The boat may be cut 
from thin aluminium foil, to which a thin circle of cork 
is gummed, holding a “ mast ” of drawn-out glass tubing. 
A paper “ sail ” completes the boat. The experiment 
is best done in a large photographic developing dish. 

13. Weight a tube 3-4 cm. long and 5 mm. diameter, 
and having a cork about the middle, to float with the 
open end just flush with the water. Put one drop of oil 
on the water as far away as possible : the model sinks 
when the oil reaches it. (Given in Latter : Studies of 
Living Things, to illustrate method of clearing ponds, 
etc., of gnat larvae.) 

14. Form a soap film on a wire triangle (about 2-in, 
side) ; place a match stalk or needle across, parallel to 
the base, and break film on this side. The match is 
pulled towards the apex. 

15. Tie a loop of fine tliread across a wire ring 2 in. 
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in diameter and dip into soap solution to form a film. 
Thrust a hot ■wire through the film inside the loop ; the 
thread instantly becomes a circle. 

16. Form a soap film across the mouth of a clean 
2-in. funnel and hold the stem upright. The tendency 
of the film to contract lifts it against gravity. 

17. Blow a bubble of 2-3 in. diameter on the bowl of 
a pipe ; on standing, it shrinks and disappears into the 
pipe, and also deflects a candle flame held opposite to the 
mouthpiece. 

18. Mix 9 volumes of spirits of wine (not methylated 
spirit, which becomes cloudy) with 7 volumes of water 
in a glass jar with flat sides. Introduce a very little 
water half-way down by means of a pipette ; this makes 
the liquid below a little heavier. Drop ohve-oil from a 
tube into the liquid. If it sinks, add more water to the 
lower half ; if it floats, add more spirit to the upper half. 
The drop is perfectly round. 

19. Half-fill a jar with coloured water and fill up with 
paraffin to which a tittle carbon disulphide has been added 
to make it only slightly lighter than water (11 volumes to 
16-17 of paraffin). Dip a wide tube into the water and 
raise, so that drops fall slowly through the paraffin. 
Carbon disulphide or zinc sulphate solution may be used 
in the same way, 

20. The lower end — 5-10 mm. diameter — of a dropping 
funnel containing a nilin e dips into water at about 60°. 
(The density of aniline at 64° is equal to that of water.) 
Open the tap slightly ; drops of aniline fall slowly through 
the water, so that their formation can be watched. 

21. Clean two glass plates, 3-5 in. square, with soap 
and hot water. Separate them at one edge by a match 
stalk and hold in position by a rubber band. When this 
is dipped into water, the water rises ; as the distance 
between the plates diminishes, it rises farther, so forming 
a hyperbola. 

22. Draw out capillary tubes with diameters of about 
1, -7, -3 mm., clean carefully with sulphuric acid, followed 
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by distilled water. Fix vertically in a beaker of liquid.. 
Wben the rise has finished, raise the tube about 1 cm. so 
that the liquid may flow back on the wetted surface. 
Read the height by means of dividers and add to correct 
for meniscus error ; find bore of tube by mercury weighing 
method ; verify Law of Diameters (rise X diameter = 
constant) and calculate the surface tension of the liquid. 

23. Make a rectangular frame of platinum wire, 3 X li 
cm. Clean in a fiame and hang vertically from a balance 
so that it dips in water with 3 mm. above the surface. 
Add weights to balance. Now immerse the frame in 
water ; it will have taken up a film of water on rising, 
and more weights will be required to balance. Differ- 
ence = puU of film = -4 gram (approx.) ; and surface 
tension = puU 2 length. 

24. Hang a small circular copper wire ring (freed from 
grease with soapy water) from a balance so that it rests 
on the surface of water in a dish on a bridge. Add 
weights to pull the ring away from the surface, when 
surface tension = pull -i- 2 w d. 

Note . — ^For these experiments, the water must be per- 
fectly clean : even contact with the fingers seriously 
reduces the surface tension. 

25. FURTHER EXPERIMENTS ON SURFACE 
TENSION 
Cambridge, 1923 

1 . Waves of the same period are produced in two J-plate 
porcelain developing dishes containing water and soap 
solution respectively by means of a vibrator agitating a 
rectangular wire frame in each. The surfaces are illu- 
mined intermittently by hght passing through a rotating 
pierced plate and reflected by 45° mirrors on to the sur- 
faces of the hquids, and by synchronisation the effect of 
stationary waves is produced stroboscopically. These 
waves are of very different, and measurable, lengths. 

2. Drops of water are delivered slowly from burettes 
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into acid and alkaline media of nearly unit density, with 
which the water does not mix, or only slightly. The 
different sizes of the spherical drops show the variation 
in surface tension. 

26. ANGLE OF CONTACT AND SURFACE TENSION 
Oxford, 1921 

Fig. 29 illustrates a very simple method of measuring 
the angle of contact of a liquid. A microscope sUde, 
covered with a thin layer of paraffin wax, is mounted on 
a rod, A. This rod is attached to a graduated circle, B, 



Fm. 29, 


by means of which its angular rotation can be measured. 
The waxed shde dips in the solution whose surface tension 
is to be measured. 

For school work the graduated circle may be replaced 
by an ordinary protractor, a proceeding which can be 
safely left to the ingenuity of the reader. Fig. 29 (C) 
shows the appearance of the surfaces when the waxed 
shde is adjusted. The angle of contact, a, can easily he 
measured. 

The result so obtained can then be combined with the 
result of an observation of the depression of the same 
liquid in a capillary tube coated internally with paraffin 
wax, or with a measurement of the height of a drop of the 
liquid on a waxed horizontal plate. Both of these 
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methods of measuring surface tension, of course, involve 
a knowledge of a. 

27. THE SURFACE TENSION OF A SOAP FILM 
Rev. S. A. McDowall 

A thin sliver of wood, 15-20 cm. long, is cut and a 
needle passed through the middle of it. This lever is 
pared down until it balances horizontally on the needle ; 
the latter rests upon “ knife edges ” made by binding up 
a piece of tin into a V shape and then clamping it on a 
retort stand, or fixing it on a wooden pillar. Two wire 
trays across the V will prevent the lever from falling 
when the balance is imperfect. 



To one end of the lever a thin wire, bent so as to form a 
rectangle, is attached by a fibre of silk. A light counter- 
poise, made by cutting out an isosceles triangle with a 
hook at the apex, height about 7 cm., base about 1 cm., 
from a thin sheet of metal, bending it into an S shape, 
and twisting the top through a right angle to form a single 

I — 4 
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sharp edge, is attached to the lever at the end opposite to 
the rectangle. The latter dips into a vessel containing 
soap solution, and the counterpoise is shd along the lever 
until this balances horizontally, with the base of the 
rectangle just lifted from the bottom of the vessel while 
stiU dipping into the solution. The lever will not remain 
poised in this position if the wire is quite rectangular, but 
nevertheless the right position of the counterpoise can be 
determined to a fraction of a millimetre. A film is then 
formed in the rectangle and the new position of the 
counterpoise determined. 

The positions of the counterpoise and suspending fibre 
are marked on the lever by means of a pencil, and 
moments are taken. The surface tension of the film can 
obviously be calculated if the dimensions of the rectangle 
and the weight of the counterpoise are known. The 
weight of the rectangle cancels out. 

28. SURFACE TENSION AND THE SHAPE OF A 
SOAP BUBBLE 
Bev. S. A. McDowall 

The diagram illustrates a useful lecture-table experi- 
ment for showing an effect of lowering the surface tension 
of a soap film. A bent thistle-funnel is supported with 
the mouth vertically downwards, and is provided with a 



rubber tube and chp. An approximately spherical bubble 
is blown (about 6 cm. diameter) with a good soap solution. 
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A few drops of a mixture of equal parts of ether and soap 
solution are run on to the rim of the funnel, and the 
excess drop is taken off from the bottom of the bubble 
with the pipette. The bubble becomes ellipsoidal in 
shape, owing to the lowered surface tension being unable 
to support the weight of the film as a spherical bubble. 
That this is not chiefly due to the weight of the liquid 
added is shown by repeating the experiment with drops 
of pure soap solution and again removing the excess drop. 
As the ether evaporates, the film regains its approximately 
spherical form. 

29. INTERNAL PRESSURE OF A SOAP BUBBLE 

O. N. Pingriff 

With an ordinary U-tube pressure gauge containing, 
say, coloured alcohol, differences in level amounting to 
2 or 3 mm. are obtained with small bubbles ; the pressure 
gauge is connected to one arm of a T -tube on which the 
bubble is blown ; the difference in level can be measured 
accurately by a reading microscope. For larger bubbles, 
a more sensitive manometer, such as that described in 
Watson’s Practical Physics, is bettor. In this case, a bent 
tube in the form of a very wide V is used, a small vertical 
pressure difference giving a considerable horizontal dis- 
placement of the liquid in the bend. 

30. BOYS’ DIRECTIONS FOR SOAP SOLUTION 

S.S.B., (V) 20 

To a clean bottle, three-quarters full of distilled water, 
add sodium oleate equal to one-fortieth the weight of the 
water, and leave to dissolve. Nearly fill up with glycerine, 
shake w'ell and leave for a week in a dark place. Remove 
the liquid from under the scum with a siphon, add 1 or 
2 drops of -880 ammonia to every pint, and keep in a 
stoppered bottle in a dark place. Do not warm or filter. 
Glycerine greatly improves the lasting quality of the 
bubbles. 
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VISCOSITY 

31. COMPARISON OF VISCOSITIES 
II. W. Gilbert 

A glass tube, about 80 X 3 cm., is filled with the viscous 
liquid and left until all air bubbles have separated out. 

The tube is divided into six portions of 
equal length by rubber bands, as shown. 
A thermostat surrounds the tube. 

Steel baU-bearings are introduced into 
the top, and then faU timed over the 
middle two portions. For small balls, 
about in. diameter, the velocity is quite 
small and timing can be accurately done. 

The method is very suitable for glycerine, 
olive-oil, machine oil and similar liquids. 

32. COMPARISON OF VISCOSITIES 
Oxford, 1921 

A simple form of apparatus for com- 
paring viscosity of gases consists in con- 
necting the limbs of a U-tube by means 
of a capillary near the top. Air or other 
gas is forced through the 
capillary tiU the steady flow causes a fixed 
depression of coloured hquid in the near 
limb of the U-tube. Absolute values for 
various temperatures may be ascertained 
if a thermostat is employed, and if the 
constant of the apparatus is determined. 

For a given rate of flow the viscosity 
should, of coiirse, vary as the pressure 
indicated by differences in level of the 
coloured hquid, the exact relation being — 

V (rate of flow) = 

' S7ll 



Fiq. 33. 
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To obtain the different rates of flow of different gases, 
it is only necessary to collect the gas issuing from 
the left-hand limb of the 
U-tube. A more easily con- 
structed form of the apparatus 
would be that indicated in 
Fig. 34. 


WAVE MOTION 

33. A COMPACT EIPPLE 
TANK WITH ELECTRO- 
MAGNETIC CONTROL! 

W. 0. Clarke 

The ripple tank described is 
of size convenient for placing on the demonstration bench, 
and is provided Avith a simple form of electromagnetic 
control, by means of Avhioh single piflses or continuous 
waves can be produced at Avill. The usual reflection and 
refraction effects can be demonstrated and, in addition, 
interference and diffraction patterns may be clearly 
shown without the aid of a stroboscope. 


Capillary 




The tank itself consists of a plate-glass sheet, fitted in a 
wooden surround ; the smTound must slope gradually to 
below the water level, coiTesponding to a shelving beach 
(in Fig. 35, the camber is exaggerated). The effect of the 
slope is to eliminate practically all reflection of ripples 
from the sides of the tank. 

* Exhibited at the S.M.A. Meeting, Janu/iry I.st, 1930. 
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The source of light may be a 100-c.p. “ Pointohte,” or 
a car headlight bulb with concentrated filament. 

The water level should be about haK-way up the sloping 
surround, but care should be taken that the “ meniscus ” 
at the water’s edge is destroyed before use by running 
a finger round the edge, or otherwise wetting the 
surround. 

The dimensions of the glass bottom are about 10 X 16 
in., with a sloping surround about 3 in. in width and of 
camber about 1 in 25. The depth of water is about J in. 
The tank is mounted on a Ioav stand, about 1 ft. in height, 
which can be placed on the bench. The source of light 
is arranged below the tank, and the ripples are projected 
on a nearly horizontal screen fixed at a convenient height 
above. Alternatively, they can be projected on the 
ceiling, in which case the light is best placed at the side, 
with a 43° mirror under the tank to throw the light up- 
wards. Magnification should not be too great, since the 
gain in size is more than counterbalanced by the loss of 
distinctness. A third method is to have the source below 
and project on to a vertical screen, using a 45° mirror 
above the tank. 

The electromagnetic control consists of a small 
electromagnet, mounted on a movable bridge over the 
tank. The magnet attracts a flat steel spring (hack-saw 
blade), on the end of which “ ripplers ” for producing 
straight and circular waves are interchangeably attached. 
The circuit is completed by a couple of dry cells and a pear 
switch, so that the demonstrator can, while facing his 
class, produce the required effect in the tank a number of 
times in succession. 

For reflection and refraction work, a single sharp pulse, 
rather than a train of waves, is the more satisfactory, so 
as to separate clearly the incident and reflected or re- 
fracted V aves. A continuous train produces complicated 
interference effects which are difficult to unravel and 
unsuitable for demonstration to an elementary class. 

A vibration damper is therefore added, consisting of a 
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light spring which can be pressed against the vibrator ; by 
its use a single pulse can be produced. 

For interference work, specially light “ ripplers ” are 
used (7 gram) ; and a trembler (electric bell with gong 
and clapper removed, and a small terminal screwed on 
the clapper arm to lower the period) is placed in series 
with the main electromagnet. On adjusting to reso- 
nance, continuous vibration of the rippler is produced. 
By the use of suitable ripplers. Young’s, Lloyd’s and 
Lippmann’s fringes, etc., are most clearly seen. (See 
Fig. 36.) 



The advantage of using a separate trembler is that the 
necessity of having a contact-breaker in an awkward place 
under the main magnet is thereby avoided ; moreover, 
by adjusting the main magnet vertically and/or horizon- 
tally, wide variations of ampUtude can be obtained, this 
being very necessary for good results. By the use of a 
two-way switch, the trembler can be cut out when desired. 
The vibration damper must not, of course, be in action 
when the trembler is used. 

Note 1. — The clarity of the effects is generally dimin- 
ished by using an optical system for projection ; a point 
source without lenses gives the best results. 

Note 2. — ^When doing refraction experiments, with 
plates of glass in the bottom of the tank, the critical depth 
that gives the best result is most easily found by lowering 
the level of water in the tank till the required effect is 
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obtained ; for this purpose, a small siphon attached to the 
tank is advantageous. A cam may also be fLsed to one 
comer of the tank for tilting it when emptying. 

Note 3. — ^If glass or bright metal reflectors are used in 
the ripple tank for showing the effect of water waves, the 
same reflectors can afterwards be used in a smoke box 
for showing the effect of light waves. 

Note 4. — ^By using two vibrating springs, of slightly 
different periods, a one-point rippler on each, beats can 
be clearly demonstrated as moving h 3 ?perbolic fringes. 
This is a most striking experiment. 



HEAT 

CALORIMETRY 

34. MIXING HOT AND COLD WATER— A MODI- 
FICATION 

A. W. Barton 

This experiment is usually performed with the idea of 
making the eonception of heat more vivid, and depends 
for its success on the heat lost by the hot water being equal 
to that gained by the cold. It is complicated by the fact 
that a calorimeter has to be used to hold either the hot 
or cold water ; since the heat absorbed or given up by it 
cannot be taken into aocoimt, the amounts of heat lost 
and gained differ by about 10 per cent. It is unsatis- 
factory merely to say that this is due to the calorimeter 
without bringing some experimental evidence in support 
of the statement, for at this stage we have no idea how 
much heat the calorimeter will absorb or emit. 

The following experiment is designed to overcome this 
difficulty, and is divided into two parts. First, a copper 
calorimeter is filled Avith 200 grams of cold water, whose 
temperature is then measured. Meanwhile, 100 grams 
of Avater are heated to a knoAyn temperature and at once 
added to the cold water. The final temperature is 
measured, and the heat lost by the hot water works out 
to be about 10 per cent, greater than that gained by the 
cold. Secondly, heat a copper calorimeter containing 
200 grams of water to a known temperature, add 100 
grams of cold water at a given temperatme and measure 
the final temperature. This time the heat lost by the 
hot water is about 10 per cent, less than that gained by 
the cold. The results of these two experiments are in 
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accordance ndth the view that the efEect of the calori- 
meter is responsible for the differences observed ; in the 
first case, the heat lost is greater than tliat gained, because 
the excess goes into the calorimeter, whereas in the second 
the opposite is observed, because the hot calorimeter, as 
well as the hot water, gives heat to the cold water poured 
into it. 

The following results were obtained by a class of eight 
pairs, four doing the experiment in the first way and four 
in the second : 


Hot nator ])oiirc(l into cold. ‘ Cold water poured into hot. 


Heat lost by the 
hob water. 

Heat p.uncd by tlic 
cold water. 

lU-ai lost by the 
hot ^ atcr. 

Heat gained by the 
cold water. 

Calorics. 

Calorics. 


Calories. 









R i 




I * 





The masses of Avater Avere different in all the eight 
experiments, although they were always about in the 
ratio of 2 : 1 ; the temperatures Avere also different. But 
in every case the results came out as would be expected, 
thus shoAving that the heat lost by the hot water would 
be equal to that gained by the cold, if there were no 
calorimeter. 


35. THICK CALORIMETERS 
A. B. Marshall 

These vessels are cast in, say, three different metals, 
iron, gun-metal and aluminium. They are about 4 in. 
high, AAdth walls in. thick ; the inside diameter should 
be the same as the ordinary copper calorimeters in use 
in the laboratory : the small size are 2 in. in diameter. 
The thermal capacity is thus very large ; boiling water 
poured into them drops considerably in temperature, and 
the final temperature is very definite and steady for some 
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little time, thus making the reading a simple matter. 
Weighing to the nearest gram on a letter balance is aU 
that is required. The specific heat 
of the metal is obtained by the 
simplest possible calculation. 

Latent Heat of Steam 
Besides use for this first intro- 
duction of specific heat, the vessel 
can be employed for giving the 
latent heat of steam in a direct 
way, and with far better results 
than those obtained by the 
ordinary boy with the orthodox 
steam-trap method. A 2-in. 
rubber bung with glass tubes, as 
shown in the figure, is fitted 
and the whole inverted over 
a boiler. The outside must be 
lagged with a felt cover. When the steam issues freely 
from the outlet, a phenomenon easily noted by the boy, 

the vessel is at once re- 
moved and the quantity of 
*—iaggmg Condensed steam measured 
in a burette. The calcu- 
lation is the simplest 
possible, and the method 
in average hands wiU give 
results between 510 and 

steam 549. 

freely issuing t -, , - , 

Further, if these vessels 
are the same internal dia- 
meter as the stock of cal- 
orimeters, the same bungs 
and tubing can be used 
with a copper calorimeter 
for determining the specific heat of a material on the 
principle of the steam calorimeter. The calorimeter with 


Loose fit for__ 
easy remooal 
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the material is inverted, as before, over the boiler until 
there is a free escape of steam. In this case, of course, 
the amount of condensed steam must be obtained by 
Aveighing. The experiment is quite a good one for illus- 
trating the principle of Joly’s method. 

The thick vessels can be cast by a local foundry for a 
relatively small cost. It is not necessary to have them 
turned up smooth — an expensive process. In the case 
of the iron ve.<!sels, a coat of enamel 
is all that is requiiod to prevent 
rust. 

CHANGE OF STATE 

36. VOLIBIE CHANGE OF ICE 
ON MELTING 

E. F Thompson 

Fit a 250-c.c. conical flask Anth a 
rubber stopper through which passes 
the drawn-out part of a “ clip ” 
pattern burette. Siirround the flask 
Avith a freezing mixture and fill about 
one-third Avith paraffin oil. Add 
small pieces of ice free from air 
bubbles until the flask is full. Insert 
the stopper carrying the burette and 
add more oil in the burette. Leave 
for 10 minutes, or longer if possible. 
Transfer the flask to melting ice imtil 
no further change in volmne takes place. Take this 
reading. Place the flask in warm water until aU the ice 
has melted, then transfer to melting ice and take the 
reading Avhen stationary. Finally, pour the mixture 
from the flask into a separating funnel and run the 
Avater into a measuring cylinder. 

Spccimea results : 

Volume of TT'u/tr . . lOl'o c.c. 128 o.o. 

Contraction . . . S'4 c c. 10‘G o.o. 
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37. VAPOUR PRESSURE DEMONSTRATION 
G. J. L. Wagsiaff 

To one neck of a three-necked Woulff’s flask is fitted 
a thistle-funnel in which the liquid is placed and admitted 
to the flask drop by drop, by means of a tap half drilled. 
To the second neck is attached a U -tube used as a mano- 
meter. The third neck is not really necessary, but is 
convenient for using when the pressure is not atmospheric 
before starting and for drying out. 




38. VAPOUR PRESSURE DEMONSTRATION 
G. N. Pingriff 

Another simple piece of apparatus which is not as well 
known as it should be is shown in the second sketch. It 
does not measure the vapour pressure, but if very slightly 
warmed water is placed in the flask and ether in the side 
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tube, the pressure is demonstrated most efTectively on 
tilting the side tube. 


39. LIQUEFACTION OP SULPHUR DIOXIDE 
Cambridge, 1929 

The apparatus for this is simply constructed of glass, 
as shown in Fig. 42, the tubes A, B and C being filled with 
equal volumes of sulphur dioxide, oxygen and hydrogen 

respectively at the same pres- 
A B C sure and sealed off. The end 

of the larger tube at D is 
closed with a tightly fitting 
rubber cork, wired in and 
carrj'ing an ordinary motor 
y M y tjTC valve. On attaching a 

III pump and forcmg air into D, 

III the gases in A, B and C are 

III gradually compressed, and it 

will be seen that the mercmy 
Fia. 42. in A rises more rapidly than 

in B and C and, finally, the 
gas in A liquefies. On allowing the ah’ to escape at D, 
the liquid gradually vaporises, and then the mercury 
columns in A, B and C begin to sink. 


COATEUT/O.Y 

40. CONVECTION CURRENTS 
G. G. Bachelor 

The method given below was suggested by a paragraph 
wliich originally appeared in Conquest. 

" Nearlj' fill a boiling tube with benzene, and stir into 
it a few drops of aluminium paint (or a trace of fine 
aluminium powder). Place in a retort-stand clamp until 
the particles come to rest. The touch of a warm finger, 
or the approach of a lighted match, will produce currents 
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which can he plainly seen as the aluminium particles 
are carried along by them.” 

EXPANSION 

41. LEVER EXPANSION APPARATUS 

C. J. L. Wagatajf 

In thi.s instrument there is a brass tube which is fixed 
near one end to the case ; near the other end is a stud 
which actuates a lever, the arms of which are in the ratio 
of 1 ; 50. For the sake of compactness, this lever is 
bent through 90°, so tlrat the free end moves over a 
scale which is perpendicular to the tube. By this means, 
the whole apparatus is held in a case 32 X 5 x 2 in. 
The case has windows at each end, so that the whole 
mechani.sm is visible. 

To carry out an experiment, a stream of water from 
the tap is passed through the tube for half a minute, the 



Fig. 43. 


temperature is taken by a thermometer inserted at the 
orifice, and the position of the pointer read on the scale. 
Then the current of steam is passed and new readings 
taken. 

The instrument is accurate to about 4 per cent., and is 
sufficiently “ proof ” to be sent by parcel post ^vithout 
special precautions. 

42. COEFFICIENT OF LINEAR EXPANSION 
Birmingham, 1931 

A plain metallic tube has two metal plates soldered 
on to it. P and Q. P has a small hole drilled into it 
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and Q is shaped as shown. The distance between P 
and Q is measured by attaching a micrometer screw 
gauge to a stout glass tube as shown. The glass tube is 
bent round at one end, finishing so that it fits neatly 
into the hole in P. The micrometer screw gauge is 
clamped to the glass tube by means of a piece of wood, 
held in position by strong rubber bands. 



P 



L 

Q 

Enlarged 

Fig. 44. 



Section of 
wooden bincic 


43. COEFFICIENT OF APPARENT EXPANSION 
J. A. Cochrane 

The following method of finding the coefficient of 
apparent expansion of a liquid is more easily understood 
by young pupils than some of the methods usually given 
in elementary textbooks. 

A 4-oz. conical fiask is filled to the brim with the 
liquid, and the temperature is taken. A one-holed rubber 
stopper, through which passes the end of a pipette, is 
put into the neck of the fiask, and the height to which 
the liquid rises is marked by a piece of gummed paper, 
or a thin rubber band. The fiask is immersed up to the 
neck in hot water and left until the liquid stops expand- 
ing. The new level is marked as before, and the tem- 
perature of the hot water taken. The fiask is then filled 
with cold water to the first mark, and its volume found 
by pouring into a measuring cylinder ; the volume of 
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the space between the two marks is found in the same 
way by pouring into a burette. 

The foUomng figures are taken from a 
pupil’s note-book. The liquid was methy- 
lated spirit ; 

Initial temperature .... 15° C. 

Final temperature .... 54° C. 

Original volume . . . . .Ill o.o. 

Total expansion ..... 4'S c.c. 

Coefficient of apparent expansion = -00104. 

44. A SENSITIVE DILATOMETER 
G. N. Pingriff 

A sensitive dilatometer for studying the 
anomalous expansion of water between 0° C. 
and 10° C. may be made from a 100-c.c. 
measuring flask and a piece of thermometer 
tubing. The neck of the flask is 
drawn out at the mark and out Fio. 46. 
off, the widened-out end of the 
capillary tube being then sealed on, or an 
|j intermediate piece of tube may be inserted. 
11 A volume of mercury amormting to about 
14 c.c. is then drawn in to compensate for the 
expansion of the glass, and the instrument 
is filled to about the middle of the neck with 
ice-cold air-free water. The flUing is just a 
little troublesome, but once it has been done 
and a cork inserted to prevent evaporation, 
the apparatus is always ready for use on 
future occasions. The widened top prevents 
overflow of the liquid when standing in a 
warm room. With this apparatus, the drop 
in level of the liquid from 0° C. to 4° C. is 
really enough to measure, the exact amount 
depending, of course, upon the bore of the 
tube ; with a medium-bore capfllary it is 
about 12 mm. In conducting an experiment, very slow 
1—5 
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■wanning (several hours from 0" C. to room temperature) 
and very efficient stirring of the warming bath are 
essential. 


45. EQUALITY OF EXPANSION OF GASES 
F. Fairbrother 

A specimen tube, 3 in. long and 1 in. diameter, is fitted 
with a two-holed rubber bung through which pass glass 
tubes A and B, as shown. The tube A is fitted ■with a 
rubber tube and a clip, and serves as a means of introduc- 
ing any dry gas. The tube B is connected to a 10-c.c. 
pipette. The specimen tube is filled ■with gas while it 

is standing in a con- 
tainer in which there 
is ice-cold water. 
When sufficient gas 
has been passed into 
the specimen tube, 
the clip is closed and 
a beaker containing 
water is placed under 
the lower end of the 
pipette. The appar- 
atus is now transferred 
into a can containing 
boiling water, the end 
of the pipette being 
kept under water in 
a beaker during the transference. When bubbles cease 
to pass from the end of the pipette, the apparatus 
is transferred back again to the ice-cold water. It is 
then observed that the water from the beaker rises up 
the pipette to a certain point on the stem, which can 
be marked by gummed paper. If the experiment is 
done ■with air, coal gas, hydrogen and oxygen, aU 
carefully dried, it is found that the water rises to 
exactly the same mark in each case. 



Fia. 47. 
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The experiment is very simple and can be performed 
quite satisfactorily with young children. 

A specimen tube, 3 X 1 in., is also quite satisfactory 
to show that liquids differ in their coefficients of expansion. 

40. CHAELES’S LAW 
Z). G. A. Dyson 

A length of about 7 cm. of dry air is enclosed by a 
short mercury peUet in a carefully dried capillary tube, 
some 25 cm. long and about 1 mm. internal diameter, 
and enclosed at one end. It is fastened by rubber bands 
to a thermometer and to a stiff wire support of the 
shape shown (a). This arrangement is constructed to 
slip comfortably, but 
not too loosely, into a 
G X 1 in. stout boil- 
ing tube. It is sur- 
rounded by a stirrer 
(6) of wire, coiled 
into a loose spiral of 
two or three turns 
and long eilough to 
reach to the bottom 
of the boiling tube. 

This is filled nearly 
to the brim and 
held in a clamp. 

The whole is heated 
gently and over the 
whole length with a 
small fiame, and well 
stirred. Eeadings of the temperature and volume should 
be taken about every 5°. The volume is most con- 
veniently measured by noting the position of the lower 
end of the mercury pellet on the thermometer gradua- 
tions themselves, and it may be found more satisfactory 
to arrange the closed end of the glass tube to coincide 
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with the — 10 graduation of 
the thermometer instead of 
the 0 mark, and then add 
10 to every volume reading, 
to allow for this. 

MAXIMUM DENSITY 

4 : 1 . SIMPLE FORM OF 
HOPE’S APPARATUS 
W. W. Logie 

The wood blocks raise the 
tube clear of ice-cold water 
from the freezing mixture. 
The wooden disc supports 
the freezing mixture. The 
boiling tube is fiUed with 
tap water. The freezing 
mixture is packed on top of 
the disc. 


Besults obtained ddbino Mtt.t) Weather in October 1926 


A. — September S9th. | 

1 B.— October 16tb. 

Lower thennometer 

Upper thennometer 

Lower thermometer 

Upper thermometer 

•0. 

"0. 

•0. 

•a 

12-2 

12-2 

12 

12-6 

7 

10 

8 

12 

6 

8-7 

6 

11-6 

6 

6 

6 

10- 1 

6 

0 

6 

8 

6 

- 1 

6 

6 

6 

- 2 

4-9 

0 

6 

- 2 

4-6 

- 1 

6 

- 2 

4-3 

- 2 

6 

- 2 

4'2 

4 

- 2-2 

3 

— 

— 

4 

— 3 


A. — ^Besults obtained with apparatus as shown above. 

B. — ^Results obtained with a piece of ice among the wood blocks to 
reduce the temperature of the air in the bottom of the jar. 
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48. A SIMPLE BOLOMETER 
P. M. S. Blackett 

Many instructive experiments with infra-red radiation 
can be carried out if suitable detecting instruments are 
available. Types of bolometer and thermopile will be 
described which are very easy to construct, have sufficient 
sensitivity, small thermal periods and good zeros. 

The bolometer consists of two platinum strips, about 
2 cm. long, 0*14 mm. wide and mm. thick. The strip 



was rolled by Messrs. Pye, Granta Works, Cambridge, from 
No. 48 S.W.G. platinum wire. The strips AA (Fig. 60) 
are soldered at one end to a collar on the copper or brass 
rod, B, and at the other to two brass screws, CC. These 
screw into a short ebonite cylinder, D, forming an ex- 
tension to the metal rod and screwed to it by a screw, E. 
A light brass case, not shown, fits over the strips. 
Opposite one strip is a slot so that radiation can fall 
on one strip, but not on the other. The strips, which 
have a resistance of about O-S ohm each, are blackened 
over a camphor flame. Three flexible wire leads are 
attached to the metal rod and to the two screws, CO. 
The two strips can be connected to two 1-ohm ratio arms, 
to form a Wheatstone bridge. If a current is run through 
the bridge, a balance being obtained by shunting one arm, 
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the galvanometer "will be deflected when radiation falls 
on one of the strips. The sensitivity obtained with 
about 150 milliamperes going through the bridge and a 
galvanometer with a sensitivity of about 2 mm. per 
micro-volt, is suificient for many purposes. For instance, 
a blackened cube of 100 sq. cm. face, kept at 100° C. 
and placed 30 cm. away, will give a deflection of 50 mm. 

With this instrument it is possible not only to detect 
radiation, but to measure its absolute value, and so to 
find, for instance, Stefan’s constant or the solar constant. 

The method consists in finding how much electrical 
energy has to be dissipated in the strip to raise the 
temperature of the strip by the same amount as when the 
radiation is f alling on it. To do this it is first necessary 
to plot the increase of the resistance of a single strip, 
measured by balancing with a shunt, against the square 
of the current in the bridge. Since the heat loss from the 
strip and the change in its resistance are both proportional 
to the rise of temperature, the relation should be linear ; 
from the slope can be calculated the energy required to 
change the resistance a given amount. It is next neces- 
sary to find the galvanometer deflection for a given change 
in the strip resistance. This can be done by changing 
the value of the shunt resistance and observing the 
resulting galvanometer deflection. Combming these two 
results, we find the galvanometer deflection for a given 
energy dissipation in the strip — and therefore for a given 
radiation energy received by the strip. 

Note . — In giving permission for republication, Mr. 
Blackett suggests that the construction of the bolometer 
might be improved. The model here described had sim- 
plicity as its main aim ; it is consequently not very rigid. 

49. A SENSITIVE THERMOPILE 
P. M. S. Blackett 

The method of constructing the thermopile is that 
described by Wilson and Epps [Proceedings of the Physical 
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Society, London, p. 326, 1920). It avoids the dlihcult 
operation of soldering fine wires or strips. A brass or 
copper frame (A, Fig. 51) is made of the shape shown, and 
is then coated with shellac varnish. On it are wound 
several turns of constantan strip, 0-3 mm. broad and 
mm. thick, rolled from No. 44 S.W.G. constantan wire. 
The frame is of such a shape that half of each turn lies 
flat against the back of the frame, while the other half is 
stretched free between the two ridges. The frame is then 
immersed, vith the strips vertical, in a copper .sulphate 
solution and a light copper coating deposited on half of 
the winding. The result L that one row of junctions is 
formed at BB be- 
tween constantan 
and copper -constan- 
tan, and another 
row at the back of 
the frame. Owing 
to the widely differ- 
ing conductivities of 
the two metals, the 
ooppered-constantan 
strip acts almost like 
a p\ire copper strip. 

A thermopile with 
many junctions can Tio. 61. 

thus be constructed 

without any fine soldering. To get a good deposit of 
copper, it is advisable to use two fair-sized copper 
plates as electrodes. The frame is then half immersed 
and the winding connected to the cathode. The 
thermopile is fitted on to a brass disc, C, and a cover 
(not shown) fitted, with a hole to allow the radiation to 
fall on the junctions, BB. With a wmding of 13 turns, 
such a thermopile has a resistance of 21 ohms, and will 
give a deflection of 250 mm. under the same conditions 
as were mentioned in connection with the bolometer. The 
thermopile is, therefore, about five times as sensitive. 
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It can, however, be used only for relative and not for 
absolute measurements. 

50. EADIATION LAW FOR AN ELECTRIC LAMP 
F. G. Mee 

This experiment consists of an accurate determination 
of the way in which the resistance of an electric lamp 
varies with the current passing through it. It may be 
shown (see School Science Review, No. 46, pp. 157-9) that 
the figures so obtained can be made to yield the index of 
the power law expressing the radiation from the filament 

as a function of the absolute 
temperature. 

The usual method for lamp 
resistance — ammeter and volt- 
meter — ^is scarcely accurate 
enough. The following bridge 
method may be successfully 
used. 

A small electric lamp, pre- 
ferably rated at about \ amp. 
and 4 or 6 volts, is connected 
in the circuit shown. 

The 1-ohm coil must be 
5 ’m. 62 . capable of carrying the current 

required by the lamp without 
appreciable heating. The coil S and the 100-ohm coil 
may conveniently be the " variable ” arm of a P.O. box 
and one of the ratio arms , respectively. The battery should 
consist of one accumulator cell more than is necessary to 
supply the normal voltage for the lamp, and it should be 
connected to the bridge through a sliding rheostat. 

Set the resistance arm of the box at 1,000 ohms or more, 
and adjust the rheostat until the lamp is carrying its full- 
rated current, indicated by the ammeter, A. Then balance 
the bridge exactly by altering the P.O. box arm until the 
galvanometer shows no current. With a good table 
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galvanometer, it is possible to balance to an accuracy of 
1 obm. Note the balancing resistance and the current 
through the lamp at the instant of balance. Now set the 
arm, S, at about nine-tenths of its former value, and alter 
the lamp current by means of the sliding rheostat until a 
balance is approached. Leave the rheostat fixed at this 
value and carry out the exact balance by altering S once 
again. Having noted the balancing resistance and the 
current at the instant of balance in this case, now set S at 
about eight-tenths of its original value and repeat the 
operations, and so on down to about one-tenth of the 
original value. In this way a series of values of balancing 
resistance and current is obtained, and they are spaced at 
roughly equal intervals of resistance. 

The balancing resistances so determined are not just 
those required to balance the resistance of the lamp 
alone, since the ammeter has added a constant term to 
the resistance of the arm. To find a correction for this, 
remove the lamp completely from the arm and join across 
the space it occupied, so that the ammeter alone is in 
that arm. Adjust the rheostat so that about 1 amp. 
is flowing, and balance to the nearest ohm as before, 
keeping the ratio arms exactly as formerly. This 
measurement gives the value of the term to be deducted 
from the total balancing resistance in order to obtain the 
resistance necessary to balance the lamp alone. The 
resistance of the lamp is iJo of this last quantity, and 
therefore can be calculated in each of the measured cases. 

For specimen results and the deduction of the power law 
index from them, see School Science Review, No. 46, 
pp. 159-61. 

SPECIFIC HEAT RATIO 

51. CLEMENT AND DESORMES’ EXPERIMENT 
E. Nightingale 

A foot length of f or 1 in. soft glass tubing is taken ; 
the ends are softened in the blowpipe flame, and one is 
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neatly finished with the carbon cone. A hole is blown 
about 4 in. from one end, and a side piece, A, of ordinary 
tubing is sealed on. Another hole is blown on the opposite 
side about 4 in. farther down, and another side piece, B, 
fitted (Fig. 53). 

An ordinary empty carboy is obtained in the usual 
lattice case with straw packing, which should be left on. 
The packing is shown dotted in Fig. 54. A hole large 
enough to hold the wide tube is made in the cork of the 
carboy. After about a beaker of concentrated sulphuric 
acid has been poured in, the cork and joints are made 


B 



Fio. 63. 



Fra. 64. 


air-tight with “ heel baU.” This is obtained from any 
cobbler, and is a most useful substance in the laboratory. 

To the lower tube is fitted a short piece of pressure tub- 
ing, in which is screwed a bicycle pump connector. A 
screw-cKp, C, is also attached. To the upper tube is 
attached, by means of pressure tubing, a manometer 
containing oU.* This should be sufficiently long to enable 
a “ head ” of 80 cm. to be obtained. A rubber bung, D, 
completes the apparatus. 

To perform the experiment, a bicycle pump is con- 

^ The oil should be of the noQ'Volatile variety: turpentine is un« 
suitable ; castor oil will do. 
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nected to the lower tube, C is opened and air is pumped 
in until the “ head ” of oil is about 70-80 cm. The clip, 
C, is then closed and the apparatus allowed to stand 15 or 
20 minutes to attain the air temperature ; the “ head ” is 
then carefully read. Prom this and the barometer, the 
initial pressure, P, is found. 

The bung, D, is now quickly taken out and replaced 
after an interval of 1 second. The expansion is 
adiabatic and the air is cooled. Immediately after the 
expansion it is at atmospheric pressure, P. The mano- 
meter becomes steady after another 15 or 20 minutes, and 
the new pressure, Pg, is worked out. 

[Bovs working with this apparatus obtained for air 
y = 1-40, 1-43, 1-41.] 

52. CLEMENT AND DESORMES’ EXPERIMENT 
B. W. E. Kempson 



Diameter of pump = 5-1 cm. 
Stroke of pump = 34-5 cm. 
Volume of pump = 706 c.c. 
Volume of bottle = 23,320 c.c, 
Total volume = 24,026 c.c, 
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Calibration of galvanometer and thermo-junction : 

Temperatare. Deflection. 

27-1° 119 div. 

21-1° 160 „ 


6° 41 „ 

One Division on Galvanometee corresponds to 
0-146° C. 

Adiabatic Compression 

Plunger up ; 

Vol. = 24,026 c.c. Temp. = 18° C. Gal. 108-5 div. 
Plunger down : 

Vol. = 23,320 c.c. Gal. 82-5 div. 

Change of temp. = 26 X -146 = 3-8° C. 

Pinal temp. = 294-8“ A. 

But, for adiabatic compression, 

T,_ /V,y-^ 

Ti “ W 

where and Tj are absolute temperatures corresponding 
to volumes Vj and Vg, 

whence 294-8 /'2403'^'>’~’^ 

291 \^2/ 

giving y — 1-43. 
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53. A NARROW BEAM OF LIGHT 
F. A. Meier 

A EBMABKABLY fine beam of light may be obtained by 
the simple device of using a long-focus lens (about 70 cm. 
double convex) in an oblique position. Reference to 
Fig. 56 win show the most convenient arrangement. 

The slit is pinned to the edge of a drawing board (end 
view, Fig. 57) with two drawing pins, and a 4-volt -S-amp. 
Philips lamp, with straight fine spiral filament, is set 



Fig. 56. Fio. 57. 

up 4-5 cm. from it. The long-focus lens is placed 
6-7 cm. from the slit in an oblique position, and is held 
in a saw-cut made in a prism-shaped block of wood, K. 
The object of having a block of this shape is that none of 
its comers shall interfere with the beam of light. The 
lens should be about 2 cm. above the paper on the board, 
and the bulb rather higher, so that the light shines in a 
slanting direction downwards. The best height for the 
bulb, as well as the various distances and obliquity of 
the lens, are found by trial. 

With such an arrangement, a narrow beam a foot long 
can be obtained for carrying out many of the elementary 

bl 
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experiments on reflection and refraction. The room need 
be only partially darkened, leaving sufficient light by 
which to draw. 

Messrs. Philip Harris supply the small lamp-holders on 
stands, and Halford’s Cycle Shops generally keep the 
small 4-yult gas-filled lamps in stock. The cost is about 
9d. or lOd. 

Undoubtedly the more powerful motor lights working 
on 12 or 14 volts give far more satisfactory and beautiful 
results. To avoid having to use accumulators, it is best 
to run a small transformer from the light mains. Very 
neat little transformers are made by Messrs. Pye & Co. 
Four pairs of leads may be taken from the secondary. It 
is thus possible to work four lamps from one transformer 
and to obtain eight beams of light. Messrs. Pye make 
transformers to a given specification. 

The experiments are far more instructive if the under- 
surfaces of the prisms and blocks of glass are ground so as 
to show the path of the beam of light inside the glass. 

64. LIGHT BEAMS FOR ELEMENTARY PRACTICAL 
OPTICS IN DAYLIGHT 
A. B. Marshall 

The essential part of the method is the use of the 
straight spiral filament car headlight, as in experiment 63. 
For the most striking results, it is best to have the power- 
ful 36-watt 12-14-volt type. The lamp is mounted in a 
vertical downward position in a suitable tin (a 60 Gold- 
Flake tin does very well), with two wide apertures, J in. 
by about 1\ in., diametrically opposite each other. A 
short focus lens, in a simple holder of bent tin which 
allows it to sit well down on the paper, focuses a parallel 
beam inclined slightly downwards so as to cut the paper at 
a small angle. A similar lens on the other side provides a 
second beam for another pair of pupils. The wide beam 
can then be cut up into several narrow beams (three is a 
convenient number), which are sufficiently parallel for all 
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elementary purposes. This can be done by three slits in 
a tinfoil screen, mounted on cardboard or three-ply, and 
supported by a small wooden block. (Tinfoil out of a 
tea-chest is good stuff.) 

It is quite a simple process to roughen the ordinary 
glass slabs and prisms on one side by rubbing with coarse 
emery powder and turpentine for a few minutes on a glass 
slab. The path of the light in the glass is then easily 
visible. Blocks which have been sand-blasted and with 
small bevels are, of course, better, and are supplied by 
firms. With such a lamp the beams are easily seen in a 
room without any darkening of the windows. The figure 
shows the general arrangement. 

The study of colour is frequently left to the end of the 
course, and then takes the form of a demonstration lesson 
only. The lamp suggested has a filament which is 
sufiiciently intense and narrow to produce a fairly p.ure 
spectrum by using a single lens and prism without a slit, 
and the briUiancy is such that it will show up on a vertical 
screen even when facing the windows. Thus it is possible 
for quite elementary classes to study the composition 
of white light in the practical periods. Each pupil can 
make his own spectrum, and by using the cheap theatre 
flood-light gelatine filters mentioned in No. 59 (p. 71) 
(some of which are much purer spectrally than the usual 
coloured glass), he can study various absorption effects. 

It is an easy matter to set up the same beam apparatus 
in a vertical plane for demonstration purposes (see 
Eig. 58b). The lamp is placed with its filament horizontal, 
and the lens, slits and glass blocks or mirrors are fixed on 
the face of a drawing board, placed vertically. For hold- 
ing the blocks, etc., to the board, a strong spring on the 
end of a 2 B.A. bolt suffices well enough. The bolt is 
slipped through various holes in the board and jams under 
the action of the spring. Old trouser clips make very 
good springs. 

The question of the power for lighting these lamps may 
be a difficulty. Undoubtedly the best method, where the 
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supply is A.C., is to have a step-down transformer to give 
the necessary low voltage. Such transformers are avail- 
able. Failing this, there is no alternative but to connect 
the seven or eight lamps required for a class of thirty in 
series with a resistance, moving-iron ammeter (it A.C. 
supply) and the mains. 

A cheap resistance can be constructed out of the helical 
springs sold as curtain supports. Four 9-ft. lengths, 



slightly stretched to open the coils, wound on a piece of 
urahte, provide a resistance of about 70 ohms when hot. 
For single-lamp working, such a resistance can be safely 
put across the light mains as a potentiometer and tappings 
taken off to the lamp by means of crocodile clips (sold by 
wireless dealers). For series working of several lamps, a 
portion of such a resistance can be used. 

55. “THE OPTICAL SMOKE-BOX” 

W. O. Clarice 

This consists of a box (Fig. 59), completely closed, of 
which one side is made of window glass ; the dimensions 

1—6 
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of the box are about 2 ft. X 6 in. X 6 in. (or larger). 
The interior of the box is blackened, and one end is pro- 
vided with a circular glass window about 1 in. in diameter, 
which can be covered by a cardboard screen pierced with 
various holes and shts. Light from an arc-lamp, ren- 
dered parallel by a single convex lens, falls on the window. 
The beam passing through the window is made visible 
inside the box by filling the latter with smoke. A door 
in the back of the box allows lenses, prisms, mirrors, etc., 
to be inserted in the path of the beam, and arrangements 
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are provided for giving a small range of motion to the 
stands carrying lenses, etc., without opening the box. 

Smoke is conveniently provided by means of a small 
piece of cotton waste, held inside the box in a loop of 
wire, or tobacco smoke may be used. The smoke cloud 
is rendered stable and uniform by means of an air blast 
from a rubber bulb attached to the box. (A good bellows 
may be improvised from a penny Chinese lantern.) It is 
not necessary to have a completely darkened room ; the 
smoke cloud lasts for about one hour without requiring 
renewal. For further particulars, see The Journal of 
8"ientific Instruments, Vol. IV, No. 4, January 1927. 
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Among the many experiments that can be demon- 
strated, the following may be specially mentioned ; 

Diffraction by a Grating. — A. Thorp replica grating 
(14,000 lines to the inch) is mounted in the box, and a 
single beam made to converge on the grating. The first 
and second orders of the transmitted and reflected spectra 
are visible as colomnd beams in the smoke. 

Polarisation . — The beam entering the box is made 
parallel and is polarised by means of a Nicol prism. A 
pile of plates (half a dozen microscope slides) is mounted 
in the box, and adjusted so that the polarised beam falls 
on it at the polarising angle. If the Nicol prism is rotated 
tiU the reflected beam is at its brightest, a further rotation 
of 90°causes complete disappearance of the whole reflected 
beam. 

Complementary changes in the intensity of the trans- 
mitted beam are of course observable. 

CAMEBA8 

50. PIN-HOLE CAMERA FOR SOLAR 
PHOTOGRAPHY 
B. M. Neville 

A metal tube about a yard long and 1 J in. in diameter, 
originally intended as a map case, has a pin-hole through 
the cap at one end, and the other end is pushed firmly 
into a hole in the lower portion of a piece of wood about 
6 in. square and ^ in. thick. This board is hinged to a 
weighted base which, when the camera is in use, rests 
upon a table, while the upper end of the tube is supported 
by a movable stand, the whole arrangement being 
adjusted before each exposure so that no shadow of the 
tube is cast upon the board, thus ensuring that the camera 
is pointing directly towards the sun. A disc of cardboard 
is mounted on the end of a short wooden rod which, after 
being passed through a hole in another piece of card, is 
fitted with a pointer, the latter serving both to turn the 
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disc and to indicate its position. This device constitutes 
a paper holder and, after a disc of gas-light paper has been 
fastened to the cardboard disc, it is attached to the hack 
of the board forming the end of the camera, the whole 
being made light-tight by binding the edges together 
with strips of gummed paper. The papei’ holder is in such 
a position that the rear end of the camera tube comes 
near the circumference of the disc, and so, by rotating 



the latter, a series of photographs is obtained in a ring on 
one sheet of sensitive paper. The pictures obtained are 
about ^ in. in diameter, and, though pin-hole definition is 
not very sharp, the device enables one to obtain a pleasing 
record of the progress of a solar eclipse. 

57. A CAMERA FOR ASTRONOMICAL OBJECTS 

G. N. Pingriff 

The great defect of photographs of the sun and moon as 
taken by ordinary cameras is that the image obtained is 
so disappointingly small. To overcome this difficulty by 
means of improvised apparatus is not impossible, but 
requires some little ingenuity in the matter of suitably 
binding together the telescopic apparatus and the camera. 
This has been recently successfully accomplished by 
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moimting an ordinary half -plate camera on a tripod with 
a small prismatic pocket telescope — equivalent to one-half 
of a X 8 pair of field glasses. The system was used to 
take photographs of an eclipse of the sun, and the 
illustration^ is printed to almost the exact size of the 
original negatives, which indicates that the equivalent 
focal length of the lens combination used was about 10 1 ft. 
Thus : 


1-1 in. 
lOlft. 


1-1 X 180 
i^”x 12 x3T4 


= approx. \°, 


which is the angle subtended by the sun. 

The aperture used was estimated to be not greater 
than /. 170, and the exposure given in each case was 
i sec., which proved to be just about correct in the third, 
but rather too much in the second and first, of the series. 
The exposures were made at approximately 3.20 p.m., 
3.30 p.m. and 3.45 p.m. The chief difficulty experienced, 
as was to be expected, lay in the fact that the image was 
steadily creeping over the plate, making a new alignment 
of the apparatus necessary for each exposure. In spite 
of these difficulties, three excellent negatives were 
obtained, far better than would appear from the repro- 
duction, before the sun was finally lost in the clouds. 
Lantern slides have been made from the negatives, and 
these are of considerable interest in astronomy lectures. 


COLOUR (see also Dispersion and Spectrum) 

58. DYED GELATINES 
A. F. Kitching 

Dyed gelatine suitable for colour filters may be obtained 
from Ilford, Ltd., or Kodak, but for those who wish to 
make their own gelatines the following details may be 
helpful. 

Emulsion gelatine is thoroughly soaked in several 
changes of distilled water, then melted down and filtered 
* S.S.R., Ifo. 24, facing p. 272. 
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in a water- jacketed funnel at about 100° C. The gelatine 
for coating slides should be about 6 per cent, strength in 
cold weather to 8 per cent, in hot weather. Dyed 
gelatines are then coated on clean warm glass, using 
1 c.c. solution per 10 sq. cm. : the glass and gelatine 
solutions should be warm only, not hot : the glass must 
be accurately level until the gelatine has set. The dye 
composition of the six chief colours is given as weight of 
dye in grama per 100 c.c. of gelatine solution. 

Primaries. 

Red : Rose Bengal 0-5, Flavazine T 0-1. 

Green : Patent Blue A 0-02, Filter Blue Green 0-03, 
Naphthol Green 0-03, Flavazine T 0-1. 

Blue : Patent Blue A 0-03, Filter Blue Green 0-06, 
Xylene Red 0-08. 

Complemenlaries. 

Sky Blue : Patent Blue A 0-03, Filter Blue Green 
0-03. 

Magenta : Xylene Red 0-1, Rose Bengal 0'06. 

Yellow : Flavazine T 0-2. 

It is important that the dyes should be chemically pure ; 
those of commercial quality are quite unsuitable in many 
cases. 

The spectral cut of the above colours is as follows : 
Primaries. 

Bed : Red end to 5,900 A.U. 

Green : 6,900 to 4,900. 

Blue : 4,900 to violet end. 

Complemenlaries. 

Sky Blue : (Minus Red) 5,700 to violet end. 

Magenta : (Minus Green) Red to 6,000 and 4,900 
to violet. 

Yellow : (Minus Blue) Red end to 5,100. 

The three primaries are useful for a rough analysis of the 
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colour of coloured glasses, such as dark-room safe lights, 
e.g. many so-called ruby glasses transmit blue and are 
therefore photographically unsafe. By superimposing 
the complementaries on one another, the principles of 
three-colour printing and the subtractive synthesis of 
colours may he illustrated. By superimposing the 
primaries on the complementaries, the additive synthesis 
of colours as in screen-plate colour photography may he 
illustrated, e.g. that yellow = red + green. 


59. COLOUR FILTERS 
E. G. Savage 

The Kodak Co., Wratten Dept., Kingsway, London, 
W.C., supplies excellent filters which are, however, too 
expensive for chisa use. Mounted as lantern slides, they 
are 25. each ; immoimted. Is. 6d. The most useful filters 
for the teaching of colour are Nos. 29 (red), 58 (green), 
46 (blue), 12 (a compound filter transmitting yellowish- 
red and green), 32 (magenta, or red plus blue), 44 (pea- 
cock blue, or green plus blue). Nos. 70-75, a set of 
monochromatic filters, are also of value, but, on account 
of the smaller amount of light transmitted, are less 
effective than the others mentioned. No. 73, however, 
a monochromatic yellow, is essential for comparison of 
its properties with the compound yellpw. No. 12. 

Colour Filters for Class Use . — ^The Strand Electric Co., 
19-24 Floral Street, Covent Garden, London, W.C.2, 
and T. J. Digby, Ltd., 12 and 29 Gerrard Street, W.l, 
supply colour filters in large sheets, 22 x 17 J in., the 
former at Sd. per sheet, the latter at lOd. 

The most useful numbers are : 


Ked .... 

Green .... 

Blue .... 

Yellow (red plus gieen) 
Magenta (red plus blue) 
Peacock blue (green plus blue) 
Purple (red plus violet) 


Btmnd Electric Oo, 

Messrs. Sigbf. 

. No. 14 

No: 8 

. .. 24 

„ 16 

. „ 20 

24 

. „ 1 

1 

. 12 

9 

. 16 

11 

. .. 26 

„ 22 
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Ordering should be done by numbers, since the names 
of the colours given by the firms do not always agree with 
the names used in this book, 

60. MOUNTING COLOUR FILTERS FOR 
LANTERN WORK 
E. G. Savage 

The filters are best used mounted as lantern sbdes, but 
it is inconvenient to have to fumble for the appropriate 
filter in a dark room. Fig. 61 shows a device which 
enables a lecturer to take each filter quickly in rotation. 



It consists of a wheel, of the dimensions shown, made of 
two pieces of three-ply wood, with 8 circles of 2^ in. 
diameter. Seven filters are arranged as shown, and the 
eighth space is occupied by a clear -glass slide, so that a 
comparison can readily bo made between the whole 
spectrum and those portions transmitted by the filters. 
The wheel costs leas than 35. to make. 
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61. COLOUR MIXING— THE “ SPECTRUM GATE ” 
E. G. Savage 

The usual lantern, condensing lens, slit, parallelising 
lens and prism are set up to produce a spectrum on a 
“ distant ” screen. Close to the prism, where the rays 
emerge, sorted out into colours, is placed an iris diaphragm. 
(A series of graduated holes on a piece of cardboard will 
serve.) A second convex lens is placed at its focal 
distance (8 in. is convenient) from the diaphragm, and 
this lens does two things : (a) it focuses a small but 
intense spectrum at a nearer plane, G, Fig. 62 ; (6) it forms 
a white image of the diaphragm on the distant screen. 
At the position G is placed a brass or wooden strip with 
a rectangular aperture in it, which may conveniently 
be termed a “ spectrum gate.” Any portion of the 
sharply focused spectrum may be cut off by hanging 
small strips of metal in the appropriate position. The 
colour of the patch on the screen will then change from 
white to a colour which is complementary to those cut 
off by the brass shutters on the gate. 

62. COLOUR MIXING— SKEW PRISMS 
E. 0. Savage 

A still more instructive part of the experiment is to 
substitute for the brass shutters, or for some of them, 
“ skew ” prisms. A skew prism differs from the ordinary 
prism in having two refracting angles, and may be made 
by cutting a strip from a small angle prism, as shown in 
Fig. 62 (6). The prisms from which these are cut (any 
competent glazier wUl do this) should have a refracting 
angle of from 3-5° to 5°.^ The writer is indebted to 
Mr. Johnson for approximate dimensions. Using lenses 

1 Fi’isms of this kind, with angles varying from by J” to 20°, 
may be obtained very cheaply (about lOd. to la. 6d.) from Hessrs. 
Gowllards, Morland Boad, Croydon. This firm deals only with the 
trade, but doubtless the usual school supply firms would act as inter- 
mediaries. A method of grinding skew prisms is given in No. 212. 
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of the focal lengths given in the diagram, suitable sizes 
for these skew prisms to hang in the red, green and blue 
are 20 X 13 mm., 20 X 9 mm. and 20 X 6 mm.^ When 
these are hung on the gate, in the position of the three 
primary colours, the rest of the spectrum being cut off by 
metal shutters, three images — ^red, green and blue — appear 
on the screen at the corners of a triangle. On enlarging 
the diaphragm, they overlap. When blue and red over- 



Fig. 62. — Copied by permission from Lecture Experiment! in Optica, 
by B. K. Johnson (Edward Arnold, 8s. 6d.). 


lap magenta is produced ; when green and blue overlap 
we get peacock blue, and most .str iking of all for those 
who do not know what to expect, when red and green 
overlap yellow is produced. When aU three overlap 
the colour is white. The writer finds it convenient to 
reproduce a record of this result in permanent form by 
drawing it in colour on cardboard, making the circles as 
large as possible and labelling the exhibit “ Mixture of 
coloured lights.” 

* It is wise to fit up the apparatus first and then to cut the prisms to 
fit the dift^rent colours on the gate. 
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63. COLOUR MIXING— THREE LANTERNS 
E. G. Savage 

Three lanterns, each carrying, say, a red, green and 
blue filter, might he used, but in practice three lanterns 
are not generally available ! A simple substitute may 
be readily contrived. Fig. 63 shows a small home-made 
projector, consisting of a wooden box (oak), carrying a 
lamp bulb (100-150 watts), in front of which is a partition, 
in which is a circular hole. In front of the partition is a 
holder to carry a filter, mounted as lantern slide. On 



Fia. 63. 


the front of the box is a brass tube, carrying a lens com- 
bination of about 2-5 in. to 3-5 in. focal length. The 
writer uses three of these to project three coloured images 
on the screen, which may be made to overlap as desired. 
Holes are drilled in the bottom and in the lid (which is 
not shown in the figure), to prevent any possible over- 
heating. The holes in the lid are baffled by a metal 
plate, to avoid the escape of stray light into the room. 
Originally it was intended to make up the lens combina- 
tion, but it was found possible to buy it much better and 
cheaper.^ As a result, the three projectors, together 
with the lamps, cost only about £2. 

^ Apparently the cinema industry has changed its method of 
projection. Consequently, excellent lens combinations are available 
at from 5s. to 10s. Messrs. Broadhurst, Clarkson & Co., 63 Forringdon 
Boad, London, E.G.l, have still a number of them. 
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64. COLOUE MIXING— THE COLOUR TRIANGLE 
E. Q. Savage 

Another method is that of the colour triangle, shown 
diagrammatically in Fig. 64. The triangle consists of 
a stout board, 50 cm. each side, carrying three lamp 
houses, made of sheet tin, which should be large enough 
to hold a 100-150-watt lamp. These lamp houses, being 
carried at right angles to the triangle, are shown only in 
plan in the figure. In front of each is a slot to carry the 

usual lantern-slide filter, a 
red, green and blue being 
generally used. 

The triangle is covered 
with a sheet of white card- 
board with a matt surface, 
and at its centre is placed a 
tetrahedron (about 2 in. 
base and 2 in. high), also 
painted white, which may 
be revolved on its axis. The 
mixture of colours is seen in 
two ways : (a) each side of 
the tetrahedron may be 
Oluminated by the light from any of the two filters, and 
according to the angle at which it is placed, relative 
intensities may be adjusted. Thus, using the red and 
the green filters, by revolving the tetrahedron slowly, 
the colour of any face may be made to change from 
red, through reddish yellow to yellow, greenish yellow 
and green, the colours of the other sides changing 
correspondingly. (6) The shadow cast by the tetra- 
hedron by one lamp is illuminated by the other two. 
Three shadows are therefore cast, one from the red, one 
from the blue, and the other from the green. These, 
being illuminated by the other two, are peacock blue, 
yellow and magenta respectively. It is a little difiicult 
with this apparatus for these to be easily distinguished 
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at the back of the 
room, but they are 
very clear to those 
in front. The colour 
at the centre, which 
should be white, is 
generally not easily 
discernible as such, 
at least in the hands 
of the writer. Often 
the heat melts the 
gelatine, but this does 
not prevent it re- 
solidifying later and 
being perfectly 
usable. In any case, 
the slides are easily 
made up afresh. 



65. A “DIMMER” EOR USE IN THE 
FOREGOING EXPERIMENT 

E. G. Savage 

It is very useful to connect up each lamp in experi- 
ment 64 with a “ dimmer.” This * consists of three 



lamp chimneys, closed at the bottom by corks, through 
which project thi’ee pieces of copper or brass rod. From 

1 Coiitiivod for the writer by Mr. E. H. Duckworth. 
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the top, fastened to a bar of iron, project three other 
pieces of similar, but thicker, rod, so that they slide 
stiffly in brass tubing, and with their ends protected by 
insulating rubber pressure tubmg. The chimneys are 
filled with sodium sulphate solution, and by sliding the 
upper rods up and down, the resistance of each circuit, 
and therefore the brightness of each lamp, may be varied 
at win. Fig. 66 shows the diagram of the circuit ; the 
three separate switches to the lamps are, of course, carried 
at the bases of the latter as parts of the holder. 

66. COLOUR MIXING— COLOURED SHADOWS 
E. G. Savage 

Three apertures, or windows, each about 2x2 in., 
are cut in the bottom of an ordinary boot box. Over 
the middle one is placed a piece of blue filter (No. 20, 
S. E. Co.), and over the others a red (No. 14) and a green 
(No. 24) filter respectively. Behind each window, inside 
the box, is placed a small light. The writer finds that 
the small lamps in wooden cases with reflectors, sold by 
Messrs. Woolworth, serve admirably, but the effect is 
discernible even with short pieces of candle. 

A sheet of white cardboard, to act as a screen, is set 
up, 1 ft. or 18 in. from the box (the lid of which has been 
put on or a curtain adjusted to cut off reflected light from 
behind), and some object (a solid wooden cone, about 
6 in. high, is very convenient) is placed between windows 
and screen. The arrangement is shown in Fig. 67 (a). 
It is well first to cover up the red and the green windows. 
The screen is then illuminated with blue light, and displays 
a black shadow cast by the blue. If now the red window 
be uncovered, the general illumination of the screen 
becomes magenta, and two shadows are seen ; that cast 
by the red is blue in colour, being filuminated by the 
blue light oidy ; that cast by the blue is red for a similar 
reason. When the light from the green window is allowed 
to fall on the screen in addition, the general illumination 
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is quite definitely white, and the shadows become more 
complex and interesting. If the distance be so arranged 
that the appearance is that given in Fig. 67 (6), the 
shadow cast by the green is magenta (red plus blue) ; 



/ 

/ 


that cast by the red is peacock blue (green plus blue), 
and that cast by the blue is yellow (red plus green). 
If the distance be so adjusted that the shadows overlap, 
as shown in Fig. 67 (c), the colours are (1) black, (2) red, 
(3) green, (4) peacock blue, (5) magenta, (6) yeUow, on 
a white ground, as each part of the screen is illuminated 
by none, one, two, or three lights respectively. 


67. COLOUR mXING— COLOURED SHADOWS IN 
DIFFUSED DAYLIGHT 

E. G. Savage 

H experiment 66 be carried out in diffused daylight, 
or in a room u'here there is only one not very bright, 
or rather distant, lamp, an interesting optical illusion is 
produced. In this situation, the screen is feebly illumin- 
ated only. When one blue lamp alone is switched on, 
the shadow is not black, but yellow, the complementary 
colour to the light s^^ itched on ; similarly, with the red 
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11. ABCHIMEBBS’ PRINCIPLE 
K. H. Cochran 

Graduate a glass jar to measure ounces of water (a 
Nicalson hydrometer jar does very well). This is done 
to a sufficient degree of aecuracy by pouring in 453-6 o.c., 
marking the surface A (1 lb.), then adding a second pound, 
and so obtaining B. Rub the surface of the jar from 
A to B with a carborundum hone, which will give a matt 
surface on which graduations may be 
marked in pencil. Divide AB into 16 
equal parts. 

Use a spring balanoe reading 
4 lb. X 1 oz. or i oz. {“ Sports- 
man’s ” Tubular Balanoe). Suspend a 
kilogram weight and read the balance 
to nearest ounce. Read the water 
level, which should be adjusted exactly 
to a mark on the scale. Now 
partly immerse the weight and 
read balanoe and ounce scale again. 
The difierence between the readings 
of the balance gives the upward 
thrust, and the difference between 
the scale readings is the weight of 

By this method the truth of the principle for partial 
and for total immersion may be shown. The graduated 
ounce scale also enables the weight of displaced fluid to 
be read directly. 

The same jar may be used to demonstrate the truth 
of the principle for other liquids if two or more ounce 
scales are added, e.g. one for alcohol and the other for 
turpentine. Thefirst jar may also be used to find relative 
densities of floating bodies. The body, when floating, 
displaces its own weight of water. Total immersion 
gives the weight of an equal volume of water. 


I 



Fio. 14. 

water displaced. 
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chromatic yellow of the spectrum, (6) the mixture of 
red and green. Two questions arise therefore : (a) Will 
blue mixed with monochromatic yellow give a white as 
well as blue mixed with the compound (R + G) yellow ? 
(6) If so, is the white light produced the same in the two 
cases ? These questions can be answered experimentally. 
Using method (61) above, the spectrum gate may be 
employed to make the two different mixtures. If this 
apparatus is not available, method (63), with the three 
projectors, or method (68) may be employed. With 
either method, (63) or (68), colour filters must be used. 
To mix blue with compound yellow by method (63), a 
blue filter (48 Wratten or 20 S. E. Co.) is put in one 
projector and a compound yellow (12 Wratten or 
1 S. E. Co.) is put in another. To mix blue with a 
monochromatic yellow. No. 73 Wratten must be used 
with either of the blues. If method (68) is employed, 
the appropriate pairs of slides must be made up. The 
result produced is in each case a white which cannot be 
distinguished by eye. They are, however, different in 
that the white produced by mixing the compound yellow 
with blue has, as one of its ingredients, red ; the other 
white, in which monochromatic yellow is an ingredient, 
has no red in its composition. Accordingly, they may 
be distinguished. If a good saturated ^ red be placed in 
the white patches, in the fii’st it will appear red. In 
the second it should appear black. In practice, it is not 
black because the filters are not sufficiently “ pure,” but 
it is a very dark brown indeed and differs unmistakably 
from its “ natural ” colour in ordinary white light. 

70. COLOUR MIXING BY SUBTRACTION 
E. G. Savage 

Two lantern slides are made up as follows. A mask is 
cut from black paper of the shape shown in Fig. 68 (a), 

* The red colour on o Swan Vesta match-box is a very good example 
of a saturated red. 

1—7 
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the circles from which the figure is formed being about 1 in. 
in diameter. Three filters are then cut, such as shown 
in (c), and fastened in position over the mask so that the 
cii’cular parts ovej’lap, as shown in [b). When the three 
primary colom-s are used, the sectors 1, 2, 3 and 4 are 
black, while 5, 6 and 7 are red, green and blue. In 
practice, since the filters may let through a little red light, 
it may be found that 2, 3 and 4 are not quite black, but 
very dark brown, when held up to strong sunlight. They 
appear quite satisfactorily black with most lantern lights. 



Fig. 6S. 


The second slide should be made in the same way, 
but, instead of using the three primary filters, the three 
“ secondary ” or double colour filters, magenta, peacock 
blue and yellow (S. E. Co. 12, 15 and 1), are employed. 
Then, while the sector 1 appears black, 2, 3 and 4 will 
appear red, green and blue respectively, while 5, 6 and 7 
are magenta, yellow and peacock blue. That this 
process of subtraction is what occurs when pigments are 
mixed may be shown by drawing three large circles, say 
6-8 in. in diameter, on cardboard and actually paintiag 
the three cii-cles with the three colours. The overlapping 
sectors will then be found to display the same colours as 
does the slide. The cardboard experiment may be 
usefully compared with the record previously suggested 
for the mixing of lights. The difference between the 
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two methods of mixing may be finally clinched by showing 
that whereas a mixture of all the spectral colours produces 
white light, a mixture of all the corresponding pigments 
from a paintbox produces a black paint. The reason why 
a blue pigment, mixed with a yellow, produces gi’een 
may also be made very apparent by superposing two 
filters on one slide. Since it is the one colour fact generally 
known, it is worth while showing how it comes about. 

71. PSYCHOLOGICAL COLOUR MIXING 
E. G. Savage 

On a flexi-slide ' (a thin transparent slide on which it 
is possible to draw with great ease and comfort), ruled 
in squares, colour each alternate square with different 
colours, e.g. red and green. When shown on the screen, 
each small square stands out distinctly in its own colour. 
Now throw the image out of focus. This corresponds 
to the production of circles of confusion on the retina 
produced by the dots of the colour printer. The patch 
appears yellow. More crudely, if such a square be drawn 
on a piece of cardboard with red and green crayons, it 
will appear yellow to the most distant member of the 
class, although those in front may still distinguish each 
separate dot or line of red or green. The result is clearer 
if on the same cardboard a separate red and a green square 
be drawn for comparison. 

72. DEPENDENCE OE COLOUR UPON THE 
NATURE OF THE INCIDENT LIGHT 
E. G. Savage 

On a large sheet of cardboard is drawn any object, 
partly in black crayon and partly in red. For example, 
a face of a young man, bald, ■with closed eyes, is dra'wn in 
black. His opened eyes, a thick mop of hair, moustache 
and beard are drawn in red. This is hung up, covered 

1 Plexi-slides at about 1«. 9c/. a dozen may be obtained from Relf 
Bros., Holborn. 
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with black paper and the lantern light is thrown on to it 
through a red filter. It is interesting to note how little 
light is reflected from the black paper. When this is 
removed, the class sees the 3 ’oung bald man. When the 
red filter is replaced by a green one, the face changes as 
by magic, and displays in black all those additions which 
fancy may have suggested to be drawn m red. The class 
is then not only ready but eager for the explanation. A 
variant of this is for the class to view the drawing in open 
daylight (a) through red filters, (6) through green filters, 
(c) with no filters. It should be possible similarly to make 
a drawing in green or blue which should “ disappear ” 
in a corresponding light, but, while it is extremely easy to 
find red pigments which are invisible seen through a red 
filter, the writer has not yet found satisfactory matches 
for other colours. He would be glad to hear of them, 

73. ILLUldlNATION BY MONOCHROMATIC 
LIGHT 

E. 0. Savage 

A collection of eight or ten gaily-coloured posters, 
pasted on cardboard, is desirable. The sodium flame is 
best produced by using sodium chloride pencils (55. 6d. 
a dozen), sold by British Drug Houses. These are 
hygroscopic, but are easily kept in a stoppered bottle. 
In any case, they recover their consistency after ten 
minutes’ baking. Three or four Bunsens, each with a 
pencil in the flame, secured there by a stiff whe wound 
round burner and pencil, produce the most striking results. 

DIFFRACTION 

74. A SILK HANDKERCHIEF AS A DIFFRACTION 
GRATING 

F. A. Meier 

A small piece of silk handkerchief, stretched on a frame, 
is held in front of the eye. When a wide sht illuminated 
with monochromatic light is looked at, a series of images 
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parallel to one another and equally spaced will be seen. 
These will be most distinct when half of the threads of the 
handkerchief arc parallel to the sides of the slit. Owing 
to the cross-tlireads in the handkerchief, the images will 
be elongated and the general appearance of parallel bands 
is produced. 

When the handkerchief is moved towards the slit, the 
images will get closer to one another, and a position may 
be chosen so that the images just touch. These images 
are, of course, the first, second, third, etc., order spectra. 

A convenient frame on which to stretch the handker- 
chief is that generally used for marking handkerchiefs. A 
hole, i in. in diameter, is large enough for the eye to look 
through. Care must 
be taken to stretch 
the handkerchief uni- 
formly in all direc- 
tions. 

It is not necessary 
to have a travelling 
microscope to 
measure the spacing 
of the threads, 
though this is im- 
doubtedly the most 
accurate method. 

Good results can be 
obtained by placing 
a scale on the hand- 
kerchief and using 
an eye lens of sufficient power to enable the number of 
threads to the cm. to be counted. 

A slit with accurately parallel sides is a necessity, and 
not only so, but it must bo of kno^vn uidtli. Such a slit, 
if not available, can be constructed at the cost of Id., as 
described below. 

Construction of Accurate Slit . — A hole, of about J in. 
diameter, is drilled in a piece of wood (6X6 in. is con- 
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venient), as shown by the dotted circle. Four short 
pieces are then cut from the same fairly stout knitting pin. 
Two of these are fixed in the wood at A and A', whilst 
the other two are held at M and N by two small rubber 
bands. In this way only a section of the hole is used as a 
slit, whose width is obviously equal to the diameter of the 
knitting pin, and which can be accurately measured by a 
micrometer screw-gauge . A skilful observer will be able to 
secure results within 1 per cent, for A . An absolutely dark 
room is not essential, but direet light should be excluded. 

75. WAVE-LENGTH, USING PIN-HOLE OF 
KNOWN DIAMETER 1 

F. A. Meier 

The apparatus (Fig. 70} consists essentially of two card- 
board tubes, each about a foot long, sliding one within 
the other. A small piece of ground glass, G, is forced 
through a saw-out in the tube. The ends of the tube, T, 
are fitted with two corks, having holes I in. or more 
in diameter. By means of short rubber bands, the 
two small pieces of aluminium foil in which pin-holes have 
been pricked can be kept in position at A and B. The pin- 
hole at A is illuminated by a strong light of the gas-fiUed 
type, care being taken to exclude direct light from the eye. 
The spots of light are viewed with an eye-lens at L. 


G 



Fig. 70. 


The success of the experiment depends on making 
accurate circular pin-holes at B. This is best done with 
a large needle. A small piece of aluminium foil ( j X Jin.) 
is placed on the fiat end of a cork, and by a rotatory 
motion the needle is forced through it. Instead of one 
hole, it is more convenient to use about five holes in 
' For Theory, see S.S.K. (V), 20, p. 287. 
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ascending order of diameter. The same needle will do for 
all the holes if a small piece of card is fixed on the needle 
and pushed along its length 1 mm. at a time. The holes 
will then be in ascending order of magnitude, and less 
adjustment will be required to obtain a black spot on 
the ground-glass screen for, at any rate, one of the holes. 

It is surprising how accurate these holes can be made. 
I have repeatedly examined such holes afterwards with a 
microscope and found errors less than 1 per cent., which 
in a hole of 1 mm. diameter means an accui’acy of y ’ „ mm. 

By far the quickest way of measuring the diameter of 
the hole is to use a micrometer screw-gauge. A needle is 
chosen which does not quite go through the hole. The 
diameter of the part where it just sticks in the hole is then 
measured. In making this measurement, two hands are 
hardly sufficient to hold the needle, the screw-gauge, and 
to turn the micrometer head at the same time. It is 
therefore advisable to clamp the screw-gauge to the table 
while making the measurement. 

Fig. 7 1 gives some sort of idea of what may be seen on the 
ground-glass screen, though the sharpness of outline shown 

0 © @ © (g) 

1 2 3 4 5 

Fia. 71. 

in the drawing must not be expected and cannot be obtained. 

If the distance between screen and pin-hole at A is 
decreased, the black spot, instead of being No. 2, will 
move to No. 3, or even No. 4. A dark room is essential, 
since the amount of light entermg A is very small. The 
diameter of the pin-hole at A should be about 1 mm., 
while the diameters of the other holes should range from 
about -3 mm. to rather less than 1 mm. 

White light mu&t be used tor the expei iment, since the 
usual monochromatic sodium burner does not give out 
enough light ; but the wave-length found will be that 
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corresponding to the brightest part of the spectrum, 
namely, the sodium line. 

It may be of interest to show an actual set of measure- 
ments taken with the apparatus : 

u = 21-5 cm. Diameter of hole = -0755 mm. 
w = 29 cm. 


A 


2 



when the hole covers two half-period zones. 


Therefore A = — — 
8 



= 5-8 X 10-' cm. 


76. DIFFRACTION RINGS OF A LENS 
F. A. Meier 


The following experiment shows that an ordinary con- 
vex lens does not give a geometrical point image of a small 
distant source of light, but a central bright disc sur- 
rounded by bright and dark rings. A rough value of the 
wave-length of light can be obtained by this method. 

First, it is necessary to have a very bright point source 
of light. By using the filament of the 4-volt gas-filled bulb 
in experiment 53, but with the filament end-on, an almost 
perfect point source is obtained. At a distance of 5 or 
6 metres from the filament, place a convex lens of 30 to 



Fig. 72. 


40 cm. focus. Catch the image on a 
piece of ground glass and focus a 
travelling microscope or micrometer 
eye-piece on to the minute image, 
then remove the glass. A bright spot 
without rings can be seen, for the 
rings are far too small to be visible. 
If, however, the aperture of the lens 


is decreased, the spot of light gets 
larger and rings begin to develop when the aperture is 
made small enough (say about 2 mm.). An iris dia- 
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phragm is more convenient to show the increasing 
diameter of the central spot and rings as the aperture 
diminishes, but a small hole drilled in a piece of metal 
plate is all that is necessary. 

Care should be taken that the eye is not lookmg towards 
the windows, and the lens should be shaded so that direct 
light does not reach either face of the lens. As many as 
three or four rings can be easily seen. An achromatic 
lens gives rather better results, and the experiment can 
be carried out splendidly with a camera which has an iris 
diaphragm in front of the lens. 

If two 4-volt bulbs are used, the overlapping of the 
images is seen when the bulbs are 
close together, and the over- 
lapping may be such that the 
lens will not separate, i.e. re- 
solve ” the two luminous points. 

When the aperture is increased, 
the rings diminish in size though 
the centres remain the same 
distance apart, and when the 
aperture reaches a diameter of about I cm., the two 
objects will be clearly resolved (Fig. 73). 



77. HALOES 
E. G. Savage 

For illustrating this phenomenon, there are still avail- 
able a relatively small number of cireularly ruled diffrae- 
tion gratings at Messrs. Newton & Co., Optical Instrument 
Makers, 72 Wigmore Street, London, at 2s. Gd., 5s. 
and £1 Is., according to size. The number of rulings is 
of the order C.000-7,000. To show the haloes, a lamp is 
placed in a light-tight box in which there is a small 
circular hole. This is focused on a screen by a convex 
lens. When the grating is interposed and adjusted, a 
beautiful halo will bo seen around the hole. 
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DISPEESION (see also Colour and Spectrum) 

78. RAINBOW 
8. F. Dufton 

The glorious phenomenon of the rainbow can be illus- 
trated and the rainbow angle measured by using a 
colourless bottle or, best, a round-bottomed flask filled 
with water. A good beam of light is passed through the 
flask, which serves the same purpose as the raindrop of 
the rainbow, and as the eye is brought into the exact 
position of the bow, two colourless spots of light seen 
through the flask approach and, as they coalesce, burst 
into colour. The angles for the different colours can 
readily be measured ; also with care those of the supple- 
mentary bows. 

With a beam from a lantern and a good-sized flask the 
rainbow ray can be projected on the screen. 

79. FOCAL ISOLATION OF VIOLET LIGHT 
B. M, Neville 

The experiment illustrates the Wood-Reubens method 
of utilising the chromatic aberration of a lens for the 
isolation of ultra-violet light. 

White light from a miniature arc is concentrated on a 
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pin-hole and passes on through a eonvex lens, which con- 
verges each constituent to the conjugate focus correspond- 
ing to its own colour. By placing a second pin-hole 
where the light converges, and a stop to intercept that 
passing centrally through the lens, what finally gets 
through the system is white light minus all colours 
having wave-lengths greater than that corresponding to 
the position of the second pin-hole. The emergent beam 
becomes increasingly pure and brilliant as this pin-hole 
approaches the lens, and a certain amount of ultra-violet 
light may eventually be detected even when glass lenses 
are used. 


ECLIPSE OF THE SUN 

80. A DEVICE FOR ILLUSTRATING THE APPEAR- 
ANCE OF THE CORONA 
0. G. Vernon 

The “ sun ” (S, Fig. 76) consists of an opal electric bulb, 
in front of which is placed a blackened sheet of cardboard, 
with a circular hole, 2 in. in diameter, opposite the centre 
of the lamp. The lamp-holder is so arranged that it can 
be moved backwards and forwards. The “ moon,” M, is 
a wooden ball, diameter 1 in., mounted on a stout pin. 
The terrestrial observer is a sheet of eardboard in whieh 



a horizontal row of large pin-holes, E, about ^ in. apart, 
has been made. On the front of the black screen, a 
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“ corona ” is drawn in red chalk. (H is a handle for 
altering the position of the sun.”) 

On passing the eye along the row of pin-holes, a wonder- 
fully realistic series of stages of the eclipse can be seen ; 
just at totality the corona becomes visible, nothing of it 
being seen otherwise, owing to glare. On the front of the 
“ observer ” screen the moon’s shadow is visible ; and if 
the “ sun ” is brought nearer until the umbra disappears, 
an annular eclipse is shown. 

FLUORESCENCE 

81. FLUORESCENCE IN ULTRA-VIOLET LIGHT 
Oxford, 1921 

Enclose a quartz mercury- vapour lamp in a box with an 
opening covered by a sheet of Wood’s glass ; with this 
arrangement, about 80 per cent, of the light which emerges 
is of wave-length 3,660 A.U., and none of the harmful 
rays (especially the line at 2,536 A.) are present. 

With this illumination, the appearance of the audience 
is striking ; teeth (real) show up brilliantly, even at the 
back of the room, while artificial teeth appear dull black, 
as do silver coins held up in the hand. Hair appears 
green, but this is only visible near the source, and eyes 
present a curious appearance. It is necessary to find a 
subject whose hair has not been oiled or greased for some 
time. 

The following materials can be used to show fluores- 
cence in ultra-violet light : fluorescein, uranium glass, a 
solution of chlorophyll in alcohol, zinc sulphide, calcium 
sulphide, parafiin oil, erithrosine, eosin, carbazol, a 
solution of quinine sulphate. 

Note 1. — If a quartz mercury- vapour lamp is not obtain- 
able, an arc may be struck between tungsten rods inserted 
in place of the carbon rods in a small Westminster arc 
lamp with suitable resistance. The objection to this is 
the copious formation of tungsten oxide if the arc is kept 
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going for any length of time. The same effect can also be 
obtained by a flaming carbon arc, though this is not 
quite so good. 

Note 2. — Suitable ultra-violet ” glass can be obtained, 
together with interesting data concemuig the same, from 
Messrs. Chance Bros., Birmingham. 


INTEBFERENCE 

82. YOUNG'S FRINGES 
B. M. Neville 

A cardboard tube, about 1 ft. long and in. in 
diameter, has one end closed by a piece of ordinary plane 
mirror. A, silvered side inwards. A cap with a small 
central hole closes the other end, about 2 in. from which 
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another strip of mirror. B, silvered side towards the cap, 
passes through tAvo slots cut in the sides of the tube and 
is thus supported parallel to the first. Before mounting, 
a fine sUt is ruled by means of a sharp-pointed penloiife 
in the silver on the first glass, and two parallel slits in the 
second, the distance between the latter being about J mm. 
A movable strip of zinc, C, passing through the same 
slots as the second strip of miiTor, and pierced by a 
rectangular opening, is arranged so that one or both of 
the two parallel slits may be uncovered at wfil, a uniform 
patch of light or the fringes being seen accordingly 
through the spy -hole, nhen the tube is directed towards 
a light. 
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83. rNTERFEHENCE EXPEEIMENTS IN 
DAYLIGHT 
F. A. Meier 

The greatest drawbacks to experiments on “ Interfer- 
ence ” in a school laboratory are generally held to be the 
necessity for a dark room and the intrinsic difficulties 
of the experiments themselves. The two following, 
both of which can be carried out quantitatively as well 
as qualitatively, can be done in daylight and without 
the skill or experience needed in using “ Fresnel’s 
Mirrors,” or in setting up and measuring “ Newton’s 
Rings.” 

The possibility of doing the experiments in daylight 
depends on the fact that the filament of a 4-volt gas-filled 
type of bulb is used directly as the “ fine ” source of light 
without the necessity of having to cut off a great deal of 
light by the interposition of a sht. Such bulbs are 
generally obtainable from Halford’s Cycle Shops. The 
Wlbs are gas-fiUed. 

The filament is in the form of fine spiral of very thin 
wire, the spiral having a diameter of only about J mm. 

Young’s Fbinges 

Rule two parallel lines about J mm. apart on a 3 x l-in. 
piece of photographic plate, exposed and developed. Old 
fogged plates will do. The glass plate should be carefully 
clamped to the table. A good steel straight-edge is 
required. The lines are best ruled with the point of a 
steel needle ; the finer the needle, the finer the lines will be. 
With a knife blade or razor blade it is not easy to rule 
lines of equal thickness, and this is essential for Young’s 
Fringes if the best effect is to be obtained. The parallelism 
of the lines can be judged by eye, if the window is faced 
whilst the lines are being ruled. The fineness of the slits 
is remarkable. When a fine needle is used, they are less 
than mm. wide. Should the fii’st set of lines be 
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unsuccessful, others may be ruled on the same piece of 
glass. 

Arrange the slits vertically about 50 cm. from the fila- 
ment set parallel to them by eye, so that the observer does 
not look towards a window, and with the film side of the 
plate away from the filament. Set up a travelling micro- 
scope or micrometer eye-piecc 15-20 cm. from the slits, 
pointing in line with the slit and bulb. Without any 
further adjustment, a beautiful set of bands will be seen, 
two or three of which are black, whilst the others are 
coloured. These are Young’s Bands, which he first 
observed by using sunhght through a fine sht with two 
other parallel slits. By slightly rotating the bulb whilst 
observing the bands, they may be improved. It is im- 
portant to prevent any reflected light from the plate 
reaching the microscope. 

If a monochromatic filter be used, the number of bands 
is considerably increased ; the best Wratten filters for this 
purpose are Yellow No. 73 and Green No. 74 in the 
Wratten Light Filter Catalogue. The cost is about 
Is. 6d. for a 2-in. square. If mounted between lantern- 
slide covers, the cost is slightly more. Pieces 1 in. square 
are quite large enough for interference experiments. 

NoU . — Since it is very difficult to get the two slits 
truly parallel, their distance apart should be measured at 
the point through which the light passes into the micro- 
scope. This is found by slowly raising a piece of card in 
front of the slits whilst observing the fringes. As soon 
as they disappear, put a scratch on the plate at the point 
reached by the edge of the card. 

PHOTOMETRY 

84. BUNSEN PHOTOMETER FOR USE IN AN 
UNSHADED LABORATORY 
8. R. Humby 

It is often inconvenient to make elementary measure- 
ments of candle-power in a darkened room. For class 
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purposes, a photo- 
meter enclosed in 
a cardboard box 
will give good re- 
sults in any room. 
Two pieces of 
mirror enable both 
sides of the J-in. 


grease sjjot to be 
viewed through a 


IJ-in. hole cut in the front of the box, which is coated 


inside with dull black paint. 


85. LUMMER-BRODHUN PHOTOMETER HEAD 

John W. T. Walsh 


This instrument, in its proper form, is a somewhat 
expensive piece of apparatus, but it is quite a simple 


matter to construct 
a rough Lummer- 
Brodhun Head from 



a cigar-box, a few 
pieces of mirror and 
a simple eye -piece. 
The method of con- 
struction will be seen 
from Eig. 78. S is 
a sheet of some 
white diffusing ma- 
terial ; thin card 
covered with good 
white blotting-paper 
will do. M, M' are 
two pieces of or- 
dinary mirror, and 
L is a piece of front- 
silvered mirror, the 
silvering of which has 
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been carefully removed over the pattern shown clear in the 
diagram at the bottom of the figure. If, now, the two 
sides of S are illuminated by light from two lamps placed 
one on each side of the photometer head, the silvered part 
of L, i.e. the part shown shaded in the diagram, will 
reflect the right-hand surface of S, while through the 
unsilvered part of L the left-hand side of S may be seen. 
The point of balance may be found, therefore, by adjust- 
ing the position of the head until both the silvered and 
unsilvcred parts of L appear equally bright. In fact, 
if the silvering is skilfully removed, the lines of demarca- 
tion between the silvered and unsilvered parts will almost 
disappear at the point of balance. The precision of a 
setting of this kind, however, is limited by the ability 
of the human eye to detect small differences of brightness. 
The minimum difference which the eye is capable of 
perceiving is about 1-7 per cent., so that when a photo- 
metric balance is being made, the photometer head is 
moved backwards and forwards fairly rapidly so that 
the field goes out of balance first in one direction and 
then in the other. The range between these two extremes 
is about per cent., and the process of making a setting 
is to estimate the midway point within this range. 

It has been found that the precision of the setting can 
be much improved if, instead of requiring the eye to 
judge when two parts of the field are equal in brightness, 
the judgment required is one of equality of contrast. 
Referring again to the diagram at the bottom of the 
figure, if the brightness of the trapezoidal patch, R^, can 
be made a given percentage less than that of the outer 
field, Bg, while the brightness of Rg is the same percentage 
less than that of B^, it will be clear that at the balance- 
point the contrast between R^ and will be the same 
as the contrast between Rg and Bg. If, however, the 
balance be disturbed, the contrast will be increased on 
one side and diminished on the other. This effect is 
readily produced in the Lummer-Brodhun Head by insert- 
ing narrow strips of plain glass at G and G'. The 
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reflection losses at the surfaces of these strips cause a 
difference of about 9 per cent, between the brightness of 
each patch and that of the background of the other half 
of the fleld. Thus, at the position of balance, each patch 
is about 9 per cent, darker than its background, and it 
is found that the equality of contrast between patch 
and background on the two sides of the field is a very 
sensitive criterion of the position of balance. 

The chief difference between the simple form of Lummer- 
Brodhun Head illustrated in Fig. 7 8 and the actual instru- 
ment as ordinarily used lies in the substitution of a double 
prism of glass for L, the reflection at the silvered surface 
being replaced by total reflection. A description of the 
head will be found in any good textbook. 

For accurate work, not only is it necessary to use a 
suitable form of photometer head, but a bench and 
carriage allowing rapid and easy movement through the 
balance-point must be used. The screening of the head 
from all light except that coming from the lamps to be 
measured is also most important. When electric lamps 
are being measured, it must be remembered that a change 
of 1 per cent, in voltage causes a change of 3-7 per cent, 
in candle-power, 

86. NEON LAMP PHOTOMETER 
E. Bolton King 

Apparatiis required : 

1 Photo-electric cell. 

1 Neon lamp (Philips — ^not Osram). 

1 Valve (PM5x). 

2 Valve -holders. 

2 Condensers (-01 and -OOl mfd.). 

1 Loud speaker. 

About 240 volts H.T. 

6-volt accumulator for valve, 5 Q grid leak, grid-bias 
battery, 60,000 w whe-wound resistance. 

Lamp to run on mains. 
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Circuit : 



H.T. + (Cell) 


H.T.-*- {Value} 


L.T.+ 

L.T.- 


Pix up the circuit as shown, being very careful of the 
insulation of the part shown by thick Uncs. The cell volt- 
age may be somewhat greater than the maximum given 
with the cell, but it should not arc. 

On bringing a lamp towards the cell window, clicks 
will be heard on the loud speaker, which will increase in 
frequency when the light is brought nearer. 

Adjust cell voltage and grid bias for maximum noise 
when the lamp is close to the cell. 

UJ 

REFLECTION 

87. FORMATION OF 
A CAUSTIC 

F. A. Meier 

Take a piece of cylindrical 
mirror strip. Put a gas- 
filled lamp with vertical fila- 
ment about 20 in. from the 
muTor and 4 in. above the 
table and a comb at BC. 

Slowly move a card, ED, 
across the comb so as to 
cut out the light. The gradual building up of a caustic 
is beautifully shown. A darkish room is essential. 


o 
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Note. — A. 4-volt Midget EdisTran bulb which has a fine, 
straight, special filament, or an ordinary 60-watt horse- 
shoe filament bulb, used sidewav'^. gives good results. 

REFRACTION 

88. EEFRACTIVE INDICES OF GLASS AND 
WATER 

8. F. Dufton 

A tumbler with a thick glass base serve.s excellent!}’ for 
the determination of the refractive indices of glass and 
water (F. G. Dufton, School World, February 1914). The 
tumbler is placed upon a sheet of paper, and a straight 
line is ruled along the shadow cast by a source of light 
some distance away. This gives the direction of the 
tangential incident ray. The tangential emergent ray 
is found by moving the eye until the last glimmer of 
light is seen upon the edge of the glass. The angle of 
Incident Beam 



deviation of the tangential ray 2c is the supplement of 
twice the critical angle. The thick glass bottom gives 
the refractive index of glass, the upper portion that of 
any liquid desired. Any vessel circular in horizontal 
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section may be used, or even a hanging drop. An accuracy 
Avithin 1 per cent, is easily obtained. 

89. THE REFRACTIVE INDEX OF A LIQUID 

G. N. Pingriff 

The focal length of a thin converging lens (of, say, 
20-30 cm.) is first found by placing the lens on a hori- 
zontal plane mirror and using 
the parallax method of fixing the 
position of coincidence of image 
and object. A second determina- 
tion is then taken, after having 
placed a few di’ops of the liquid 
on the mirror before putting down 
the lens, and a third with the lens 
floating on clean mercury. The 
second measivrement gives F, the 
focal length of the combined 
glass-water lens, and the third 
enables the radius of the lens face 
to be calculated by the well-known 
Boys method. The whole exer- 
cise gives admirable practice in 
the use of ordinary lens formulse. 

The only apparatus required is a 
convenient holder for the pin, or sharpened wood 
splinter, which forms the object. 

SCATTERING 

90. BLUE SKY AND SUNSET EFFECTS 
(TYNDALL'S EXPERIMENT) 

E. G. Savage 

A trough with plate-glass sides is required ; one about 
4 in. square and 2 ft. long is convenient. In the trough 
place a solution of sodium thiosulphate containing 1 gram 
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per 100 c.c. To 5 litres of the solution, which is about 
the volume that the above tank requires, add about 
75 c.c. of hydrochloric acid, made up of 72 c.c. water and 
3 c.c. hydrochloric acid S.G. 1-10. This strength pro- 
duces the first faint beautiful blue cloud in about 
2 \ minutes and gives time for explanations to the 
audience. It takes 5 or 6 minutes to go to completion, 
and enables the audience to watch first the yellowing 
and then the reddening of the “ sun ” before the final 
obscuring takes place. 

SPECTBUM (see also Colour and Dispersion) 

91. BECKMAN BURNER FOR FLAME SPECTRA 
Oxford, 1921 

A solution of a salt of the element of which the spectrum 
is to be obtained is placed in a small wide-mouthed flask. 

Hydrochloric acid is added, and some 
pieces of magnesium are dropped in. 
Over the flask is held the burner, which 
consists of a glass T-piece, the upper 
end of the vertical limb being of silica ; 
it would probably be convenient to have 
the whole T-piece of silica. The coal- 
gas jet is fixed in the side tube as 
shown in Fig. 83. A very good and 
steady flame is thus secured, and to 
obtain the spectra of a number of ele- 
ments, it is only necessary to have flasks 
containing appropriate solutions and 
to place them successively under the 
burner. The dimensions of the burner 
appear to be important ; in the one 
shown, the length of the vertical tube 
is 150 mm., and its diameter about 10 mm. ; the jet 
opening is about 0-75 mm. 
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92. A STEADY ELAME FOR SPECTROSCOPIC 
AND INTERFERENCE WORK 

G. E. L. Livesey 

This apparatus (Fig. 84), devised by Rev. B. J. White- 
side, S.J., consists of a test-tube connected to the Bunsen 
by a short piece of 
tubing. The coal gas 
passes through a glass 
tube into the test-tube, 
and out to the Bunsen 
through a side tube, 
near the bottom. In 
doing so, it disturbs a 
layer of finely powdered 
dry salt, and carries it 
forward to the flame. 

An inch depth of salt 
will give a bright flame 
for several hours. The amount of salt can bo regulated 
very simply, and if the passage to the burner becomes 
stopped up, the salt is readily shaken back by a gentle 
tap. 


Coal gaa 



93. A DEMONSTRATION SPECTRUM 
Rev. B. 0. Smndells, S.J. 

The following is an adaptation of the method shown 
by Dr. Hartridge at the Cambridge Meeting in 1923 
{S.S.R., (XV) Feb. 1923). The apparatus described 
happened to be at hand, but the same results should be 
obtained with any science lantern, and a grating and 
prism of equal dimensions. 

The lantern, shown diagrammatically in Fig. 85, is a 
Stroud and RendcU Science Lantern (Reynolds & Branson, 
Ltd.). A sht, which in this case is adjustable, is mounted 
in a wooden diaphragm (D, Fig. 85) which can be placed 
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at different distances from the condensers, E. The light 
from an arc, F, or a “ Focuslite ” lamp (which is more 
often used), is brought to a focus on to the slit, and this 
in its turn is focused on the screen by the objective, C. 
In the figure, A represents the prism cell, which, however, 
is placed in position only after the sht has been focused 
on the screen. 

The prism in the cell A is a right-angled isosceles prism, 
the hypotenuse face of Avhich measures 3 X 2 J in. The 
smaller faces thus measure 2| x 2^ in. On the hypo- 
tenuse face, and covering it all except for a small margin 
aU round, is a grating replica, which Messrs. Griffin & 
Tatlock mounted directly on the glass (A and B, Fig. 86). 
The rulings of the grating are parallel to the shorter edges 
of the hypotenuse face. This prism and grating have 
been mounted in a wooden cell (shown in plan in Fig. 86. 
and in front elevation in Fig. 87). The inside of the cell 


Direction 

^ 

of light 


Fig. 86. 

is, of course, blackened. A window of plane glass 
(C, Fig. 86) has been put in at the open end of the cell. 
This certainly entails a loss of light, but it protects the 
grating from dust and damage. 

To hold the cell in front of the objective, use is made 
of the fitting (B, Fig. 85), which is provided Avith the 
lantern to hold the erecting prism (shown at G). A piece 
of bent metal (D, Fig. 87) slides on to this fitting, which 
has been slightly altered to accommodate the cell. 

When the slit has been focused on the screen, as 
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described above, the cell containing the prism and grating 
is pnt in place -with the smaller face of the prism next to 
the objective. A spectrum will then be formed on the 
screen. It will be slightly out of focus, but a small 
readjustment of the position of the objective suf&ces to 
bring it into focus. 

With the apparatus described, using as a source of 
light a 5—10-amp. arc, with an objective of 8-in. 
equivalent focus and ^vith the screen 36 ft. away from the 
lantern, a brilliant spectrum is obtained, 10 ft. long and 
1 ft. broad, and visible aU over a lecture hall of length 
about 70 ft. and breadth 40 ft. When thus used, the 
slit is placed at a distance of 9 or 10 in. from the con- 
denser, and the objective is 7 in. from the slit. The 
spectrum thus obtained shows absorption phenomena 
exceedingly well. 

For temporary experimental purposes, very good 
results are obtained if an ordinary transparent grating 
replica is placed with the glass back up against the hypo- 
tenuse face of a right-angled isosceles prism. Total 
reflection at the prism face is prevented by wetting the 
face with water or glycerine, so that a film of the liquid 
is formed between the two glass smfaces. The combined 
prism and grating may then be placed on a stand in front 
of the lantern objective after the slit has been focused as 
described, and a good spectrum will be obtained. It is clear 
that the bigger the prism and grating, within the limits of 
the objective, the brighter will be the spectrum produced. 

94. A DEMONSTRATION SPECTRUM 
E. H. Duckworth 

The following method is based on a demonstration by 
Dr. Hartridge at the Cambridge Meeting in 1929. It 
gives a spectrum 6 ft. long and 8 in. wide. 

An arc-lamp, with carbons at a right angle and their 
tips almost in line, is a convenient source of light to use, 
but I have found a 10-amp. Triumph “Focuslite” gas-filled 
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filament lamp very satisfactory, and on alternating current 
it is less troublesome than an arc. An arc on A.C. tends 
to rotate about the carbons and to get out of position. 

The light is concentrated with a small condenser 
(A, Fig. 88) on to a slit, B, measuring 5x1 mm. A 
suitable condenser is about 5-5 cm. diameter and 6 cm. 
focal length. The slit can be made from razor blades, 
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Fig. 88. 
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mounted in a metal frame. If an arc-lamp is used, it is 
a slight advantage to place a 6-dioptre cylinder lens 
between the condenser and the slit, to spread the light 
in a vertical direction over the slit. The lens, C, is 
achromatic, 3-8 cm. diameter, focal length - 5-5 in. D is a 
diaphragm to stop stray light, E another achromatic 
lens, 6-4 cm. diameter, focal length - 10 in., and F another 
diaphragm. G is a right-angled prism, the hypotenuse 
measuring 7-5 X 6 cm. On the hypotenuse is cemented, 
with Canada balsam dissolved in xylol, a diffraction 
grating. This is a Browning replica of a Rowland 
diffraction grating, 14,438 lines per inch and mounted 
on a rectangular block of glass. H is a screen ^vith a 
rectangular hole in it to cut out stray fight. 
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To adjust tlie apparatus, the prism mth its grating is 
removed. The lamp is adjusted to illuminate the sUt 
as brightly as possible, and the lenses, C and E, are moved 
up and down the optical bench to give a clear real image 
of the slit on the screen. The prism is then put in the 
position shown, and a splendid spectrum results at SP. 
An image of the slit by total reflection appears at R. 

The absorption spectra of dyed gelatines, etc , can be 
beautifully demonstrated by placing them in the beam 
between the lamp and the pri.sm. The colour by trans- 
mitted light shows at R. A card with red letters pasted 
on black paper and passed through the spectrum shows 
changes from red to black, and a method of rapid theatre 
scene changing can be demonstrated in a striking way 
by making drawings in coloured crayons and passing 
them through the spectrum. The spectrum is best 
projected on a strip of white paper, pasted on a sheet of 
black paper. 

If it is desired to have the screen between the apparatus 
and the audience, engineers’ tracing cloth makes a good 
transparent screen. 

95. ARRANGEMENT EOR OBSERVING THE 
SPARK SPECTRA OE METALS 
Oxford, 1921 

When sparks are passed between poles of the given 
metal, the spectrum of the metal is to a great extent 
masked by the air spectrum obtained at the same time, 
but this difficulty can be overcome by altering the char- 
acter of the discharge. The coil or transformer is con- 
nected to a condenser, which is connected through an 
inductance to the spark gap. The inductance is provided 
with a .short-circuiting switch, and when this is closed, the 
air spectrum is very marked. On throwing the induct- 
ance into circuit, the air lines are suppressed, and the 
metallic spectrum shows clearly. The best value for the 
inductance must be determined by trial. 
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96. THE PRODUCTION OF OSCILLATORY 
CURRENTS OF MUSICAL FREQUENCY 
S. B. Humby 

Many interesting experiments with sound waves can 
be done with inexpensive apparatus by means of a 
three-electrode valve circuit. This is used to generate 
electrical oscillations which, when passed through a 
telephone receiver, cause its diaphragm to vibrate at 
high audible frequencies. Such a circuit, fitted with a 
variable condenser and suitable inductance coils, will give 
sounds of a very wide range of pitch. 



C = condenser, O-Ol microfarad maximum. 

L = inductance 1,500 turns of 26-gauge insulated wire of 
mean diameter 3 in. The mid-point of the coil was 
connected to the filament of the valve. 

V = any form of 3-electrode valve. 

B = 60-200-volt battery or D.C. mains. 

T = 2,000-ohm telephone receiver. 
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The circuit is set up as shown in Fig. 89. 

It is convenient to mount the valve-holder, filament 
resistance and variable condenser on a board wired mth 
six terminals for + and — low tension, -f and — high 
tension, and -|- and — telephone. A triple flexible 
connection nith coloured tags can then be used to connect 
difierent inductance coils, L, to the apparatus, because 
it is difficult to get one coil to give the wide frequency 
range desired. 

The inductance used for sounds of frequency range 
4,000 to 16,000 has 1,500 turns of 26-gauge insulated 
copper wire, wound by lathe ndthout any special care. 

A former is made by screwing two 6-inch diameter discs 
of three-ply wood to the opposite ends of a cylinder of 
wood, 2 in. in diameter and 2 in. long. On this the coil 
is wound without attempting to separate successive 
layers of the insulated wire ; the turns are recorded on 
a revolution counter and the filament connection is taken 
out at the 760th turn. The coil is mounted on a board 
with three suitably marked terminals. 

It is not easy to obtain a variable condenser of maximum 
capacity 0-01 microfarad, since these are no longer used on 
wheless receiving sets. A few second-hand ones arc still 
to be bought from instrument dealers. 

A substitute can be made by combining a 0-001 variable 
condenser with a number of fixed condensers of the type 
used in wireless receiving sets. 

A lower frequency coil can be improvised from the 
secondary winding of an old induction coil. One such 
coil gave a frequency range 600-1,200 with the 0-01 
microfarad variable condenser. The circuit could be 
made to oscillate at frequencies down to 250 by con- 
necting a fixed condenser of 0-05 microfarad capacity in 
parallel with the variable one. 

A cheap loud-speaker unit, or a telephone ear -piece, is 
used as the source of sound. 

For the best results use a magnetic unit which is 
fitted with an adjusting screw by which the distance 
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between the telephone magnets and the diaphragm can 
be altered when necessary. 

97. AN ELECTRICALLY MAINTAINED TUNING 

FORK 

S. H. Humby 

A timing fork can be kept in vibration by arranging 
the loud speaker or telephone-pole pieces (experiment 96) 
near one prong of the fork and adjusting the oscillator till 
its frequency coincides with the natural period of the fork. 

This arrangement is very simple, and has some advan- 
tages over the more usual form of valve-controlled tuning 
forks which have, in recent years, begun to supersede 
those forks which are fitted with mechanical interrupters. 

AUDIBILITY 

98. SOUNDS OF VERY HIGH FREQUENCY ARE 

INAUDIBLE 

S. B. Humby 

One of the oscillators (experiment 96) has its coils so 
chosen that it can be used to observe the upper limit of 
audibility for the human ear ; as the condenser's capacity 
is reduced, the sound becomes inaudible rather suddenly. 
The limit of audibihty is very different for different 
persons : some can hear the whistle quite distinctly when 
to other ears there is no soimd. 

DETECTORS 

99. DETECTORS AVAILABLE IN SOUND 
EXPERIMENTS 

S. B. Humby 

In experiments in sound, the usual detectors available 
are the ear (assisted when necessary by a stethoscope 
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tube), the sensitive flame, the microphone and the Ray- 
leigh disc. 


The Sensitive Flame 

As a detector for high-pitch sound waves, it is con- 
venient to use the Tyndall “ sensitive flame.” Such a 
flame shows well-marked resonances, and often responds 
sharply to a very limited range of frequencies. It is 
important therefore that, in experiments with the 
sensitive flame, the oscillator is first adjusted until the 
flame shows a vigorous response to the sound. When 
this is done, it is possible to use gas at the pressure at 
which it is supplied, instead of being compelled to use it 
at much higher pressures. 

Make a jet by drawing out 1 cm. glass tubing to about 
1 mm., and adjust the gas pressure by a screw clip till the 
flame responds to a hiss. Then tune the oscillator till 
the flame gives a marked response. 

It is best to try a number of jets, since their sensitiveness 
is very variable. Usually, a jet with a rather jagged edge 
responds better to high-pitch notes than does a smoothly 
cut jet. Jets cut off by scissors are usually better than 
those cut more carefully with a glass file. 

The Carbon Microphone 

A sensitive carbon microphone, connected in series 
with a dry cell and a quick-acting dead-beat galvano- 
meter, suitably shunted, can be used as a detector in 
many experiments with sound waves. 

100. A manometric capsule 

E. NigMingale 

This will be understood from the diagram. The 
collodion is a penny balloon, and is held tightly between 
the cardboard tubes. The rubber bung contains two 
glass tubes, one for the gas supply and the other attached 
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by sealing-wax to the 
jet. This may be made 
by pulling out a glass 
tube, but is better if 
made by pulling out a 
piece of silica glass tubing 
heated in an oxy-hj'^dro- 
gen or oxy-coal-gas 
dame. The silica jet does not soften when the gas is 
burning, whereas the glass jet does. 

DIFFRACTION 

101. DIFFRACTION EFFECTS WITH SOUND 
WAVES 
S. R. Humhy 

Short sound waves can be shown to give diffraction 
effects closely resembling those obtained by optical 
diffraction. Thus, after passing through a rectangular 
aperture, the soimd waves are found to give maxima and 
minima of intensity in positions which, Avhen plotted on 
a diagram, are very like the photographs of the optical 
diffraction fringes at a narrow' slit. 

Two large drawing boards, clamped upright in the same 
plane, with an aperture about 4 in. wide, will show these 
effects well at a frequency of 10,000. 

With a single board the diffraction effects near a straight 
edge can be examined, and the steady fall of intensity 
within the geometrical shadow can be compared with 
the maxima and minima just outside the edge of the 
shadow. 

The telephone source should be set level w'ith the 
middle of the edge of the board and about 3 ft. from it, 
and the fringes looked for 6 in. to 1 ft. behind the plane 
of the drawing board. 

Diffraction effects with short sound waves are so well 
defined that the attention of the observer may often be 
1—9 
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drawn to optical effects which may have been overlooked 
until the corresponding effect in sound leads him to look 
again at the optical analogue. For example, in Arago’s 
experiment to obtain the bright spot at the centre of the 
shadow of a circular object cast by a point source, besides 
the diffraction rings outside the geometrical shadow, 
there are well-defined rings concentric with the bright 
spot inside the shadow. They can most easily be seen by 
using as object a very small ball-bearing and having a 
small round pin-hole in front of an electric lamp. The 
corresponding effect in sound is at once noticed if a source 
and sensitive flame are set up about a yard apart, and a 
disc of thin wood, about 4 in. in diameter, is slowly slid 
between them, taking care that the centre of the disc is 
kept level with both source and detector. 

102. AN ACOUSTIC ZONE PLATE 
S. P. Humby 

A zone plate for sound waves can be made by marking 
on cardboard or thin metal a set of concentric circles 
whose radii are proportional to the square roots of 1, 2, 
3, 4 and 5. The cardboard is then cut through along the 
circumference of each circle, so as to free the central disc 
and the four concentric rings. A suitable size for sound 
waves of length 3 cm. is obtained by making the radius of 
the inner ring 7’7 cm. This gives a theoretical focal 
length (for 3 cm. waves) of 

— f7-7l* 

' — - = — 20 cm. 

3 

In order to hang up the zone plate, it is convenient to 
fix a thin w'ooden rod across the apparatus just above the 
centre. Two thin nails can then be driven through each 
zone so as to fix it to the rod, and the nail holes can then 
be punched out just largo enough to allow the zone to be 
hung on the rod when desired. 

Set up the zone plate in a vertical plane and put the 
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source 30 cm. from it on its axis. Remove the first 
(central), third and fifth zones, and adjust the position of 
the flame imtil it shows a maximum disturbance vutli the 
tip of the jet on a line with the source and the centre of 
the zone plate. 

An actual adjustment, with u = 30 cm., gave maximum 
effect with u = 57 cm. beyond the zone plate. 


Hence J =1-1= -L. 
f V u — 57 

and jf = — 19*7 cm. 


30 


It is found that, with care, the changes of intensity can be 
shown as each zone is inserted or removed. Thus, the 
central zone alone removed gives a violent disturbance, 
which almost disappears when the next zone is taken out, 
and zones 2 and 3 will also neutralise each other’s effects, 
whereas 1 and 3 reinforce. 

Further details of these experiments and of the appar- 
atus are given in the School Science Review, No. 36, of 
June 1928, and No. 44, of June 1930, also in the Pro- 
ceedings of the Physical Society, August 16th, 1927. 


DOPPLER EFFECT 
103. THE DOPPLER EFFECT 
(S. R. Humby 

Two sources giving slow beats (see No. 106) show the 
Doppler effect when one of them approaches or recedes 
from the other. Adjust the frequency of one oscillator 
until the beats are occurring at a rate of three or four 
per second. Notice the exact frequency of the beats. 
Now move one of the sources steadily, either towards or 
away from the other, and it is at once evident that the 
rate of the beats changes, showing that, relative to the 
flame, the frequency of one of the waves has altered. 
The ear also detects the alteration in the speed of the 
beats. 

It is, of course, possible to calculate the velocity of 
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approach from the observed change of frequency, just as 
astronomers estimate the relative motion of stars by the 
displacement of lines in their spectra. 

INTEBFEBENCE 

104. INTERFEEENCE EFFECTS WITH SOUND 
WAVES FROM A SINGLE SOURCE BY TWO PATHS 
8. B. Humby 

The usual lecture experiment to show interference of the 
sounds which pass by two different paths from a source 
to a detector can be performed with apparatus which can 
be constructed in a few minutes. Fig. 91 shows details 
of the arrangement. When the sliding tube, B, is moved 
in or out, the sensitive flame, F, shows alternate maxima 
and minima of disturbance, and the wave-length of the 





sound can be measured by reference to a scale placed 
beside the apparatus. Two 20-in, lengths of glass tubing, 
bent to form U -tubes, slide easily in 9-in. glass tubes, 
which are joined by rubber tubing to brass T -pieces. 

105. INTERFERENCE EFFECTS WITH SOUND 
WAVES FROM TWO SOURCES 
8. B. Humby 

Two separate oscillators, or two telephone sources, con- 
nected to the same circuit, give a most striking illustration 
of the interference of sound waves. They can be placed 
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near a flame which is very sensitive to their sound, but the 
flame will he undisturbed in certain positions, although, 
when one source is silenced, the flame roars violently 
under the influence of the other. 

Two telephone sources, connected in the same circuit 
and placed 2—3 ft. apart, give a complete hyperboloid 
fringe system. The distribution of the fringes in this 
case is similar to that of the optical interference pattern 
obtained in the Fresnel double-mirror experiment or 
Young’s two-slit experiment. 

When it is desired to do this experiment with two 
independent oscillators, they should be plaeed near enough 
to each other to interact slightly w'hen they are brought 
into unison, or it may be difficult to maintain the two 
frequencies constant. 

106. BEATS BETWEEN TWO SOUNDS 

S, B, Hvmby 

Two telephone oscillators, driven by separate circuits, 
give very marked and easily controlled beats. The 
sources can be adjusted to any desired frequency, and so 
can be used to illustrate the physical causes of consonance 
and discord. The change from slow to rapid beats can 
be clearly heard, then discord and, finally, two separate 
notes with an easily recognised “ Combination tone,” of 
which the frequency is evidently the difference between 
those of the generators. This difference tone can be 
heard even when both osciUations are of inaudible pitch — 
as is painfully obvious to every orvner of a wireless set 
when howling is produced through the oscillation of a 
neighbour’s receiver. 

When beats are allowed to affect a sensitive flame, it 
becomes clear that the beats are interference effects 
which are moving at relatively slow speed across the 
room. Thus two sensitive flames may with care be 
adjusted near each other so that their movements are out 
of step and one rises as the other falls. Hence, observers 
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at different places hear the maximum disturbance at 
different instants. 

107. AK ACOUSTIC ANALOGY TO THE “ FADING ” 
OF WIRELESS SIGNALS 
8. R. Humby 

When the reflecting surface is moved (see No. *110) 
the stationary wave system is also moved, so that at any 
particular point maxima and minima of disturbance 
occur. This reproduces the conditions under which the 
“ fading ” of wireless signals occm’s o^ving to interference 
effects due to reflection of the electrical waves at the 
Heaviside layer. 

In a similar way, when the frequency of the sound is 
slowly and continuously altered, interference fringes 
sweep across the space near the reflector so that a sensitive 
flame shows alternate maxima and minima. Observa- 
tions of the number of such disturbances for a known 
range of wave-length change enable us to calculate the 
path difference between direct and reflected rays. It was 
by this method, applied to wireless waves, that Professor 
Appleton calculated the height of the Heaviside reflecting 
surface from which the electrical Avaves are reflected back 
towards the earth {School Science Review, No. 39, March 
1929). 


REFLECTION 

108. TO ILLUSTRATE THE LAWS OF 
REFLECTION OF SOUND 
8. R. Humby 

The laws of reflection of sound can be demonstrated by 
the use of high-pitch notes. Tyndall’s experiment gives 
very good results with soimds of frequency 10,000 and a 
sensitive flame. 

The experiment is best done by cutting tAvo holes at the 
middle of a 2 -ft. tube of metal, so that the sensitive 
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flame jet can be placed inside and the flame then ht. 
The telephone whistle is fitted in the end of a similar tube, 
and the two tubes are set at any convenient angle. A 
plane mirror is now moved until the flame shows the 
greatest response. It is evident that both of the laws of 
reflection are “ obeyed,” and if you place your eye behind 
the flame, you will see in the mirror the image of the 
telephone at the far end of its tube (Fig. 92). 



Cl and Cj = tubes, 2 ft. long x 3 in. diameter, screwed 
to wooden strips as shown. 

T = telephone whistle. 

F = sensitive flame. 

M = mirror. 

S = wooden disc "with 360° scale. 

By placing the source at the focus of a large concave 
mirror, a beam of high-pitch sound can be directed across 
the room so as to be audible at particular places or to 
affect a distant flame. It is convenient to weaken the 
sound very considerably by means of a shunt of adjustable 
resistance connected across the telephone coils, or by 
reducing the plate voltage. A large clock glass, or a 
cylindrical miiTor, made by bending a sheet of three-ply 
wood, makes a very efficient substitute for the more 
expensive metal mirrors. 
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The reflection of beams of sound by concave mirrors 
can even be shown with the mirrors used in optical experi- 
ments, and it is then seen that the correct adjustment for 
maximum disturbance of a sensitive flame gives also the 
image of the bottom of the flame focused on the source 
of sound. 

109. A MODEL WHISPERING GALLERY 
S. R. Humby 

Three-ply wood or stout cardboard can be used to 
make a model Avhispering gallery round Avhich the high- 
pitch sound waves will creep. 

The sensitive flame acta well as detector, and a rect- 
angular strip, as small as 30 X 5 in., will show aU the 
effects (see Bragg. World of Sound, p. 84). 

no. STATIONARY SOUND WAVES FORMED IN 
FRONT OF REFLECTING SURFACES 
S. R. Humby 

When Avaves of sound are reflected from any surface, 
the result of the interference betAveen the incident and the 
reflected waves is a series of stationary waves, so that at 
particular points in the air changes of density only occur 
AA'ith no motion of the air particles. At such points, the 
nodes, the ordinary form of sensitive flame Avill bum 
undisturbed, although these are places at Avhich the ear 
hears a maximum of sound. The positions of the nodes 
and loops in front of a large plane surface give a simple 
method of measuring the wave-length of the sound. The 
measurement can be made by moving the flame, mounted 
for convenience on a little trolley fitted with rubber 
tyres, or the mirror can be moved parallel to itself. 

On the line drawn through the source at right angles to 
the reflector, the points of least disturbance are half a 
Avave-length apart, so that there the Avave-length can 
easily bo measured. 
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A series of actual measurements of positions of least 
disturbance were 2-1, 4-1, 6-3, 8-3, 10-9 cm., which are in 
the ratio 1, 2. 3, 4, 5, and which give the wave-length as 
4-2 cm. The stationary waves formed by a loud high- 
pitch source in a room can be heard when the head is 
moved near any of the walls. Many people have probably 
noticed the effect when a broadcasting station is broad- 
casting its tuning note. It will be remembered that 
stationary light waves set up by reflection in front of a 
plane mirror were used by Lippmann in a rather difficult 
method of colour photography. 

When the stationary wave pattern is examined at 
points where the incidence of the sound waves is oblique, 
we obtain effects analogous to Lloyd’s single-mirror 
interference fringes in optica. 

Since any particular fringe is associated with a parti- 
cular path difference between the incident and the 
reflected waves, the fringes lie on hyperboloid surfaces. 

Careful measurements over a large horizontal plane in 
front of a vertical mirror show that the stationary waves 
are disposed along hyperbolae ; and the path difference 
from the source and from the virtual image to any point 
on a particular hyperbola is found to be remarkably 
constant. 


BESONAKCE 

111. EXPERIMENTS TO ILLUSTRATE 
RESONANCE 

S. B. Humby 

The apparatus (experiment 96, Eig. 89) gives very useful 
illustrations of resonance. One caimot help noticing the 
increased response of the telephone diaphragm to certain 
frequencies. If the alternating current is led into a 
wireless loud speaker, it is instructive to note the varia- 
tions in loudness of the sound emitted. 

If we now connect a loud-speaker horn to the vibrator, 
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we get some idea of tlie effect of the horn at different 
frequencies. Those who know that amusmg watch-dog, 
“ Radio Rex,” may like to test the frequencies to which 
he responds. One specimen hes quiet except for two 
fairly sharply defined notes, either of which make him 
leap from his kennel. 

Sharply tuned responses of a steel wire of a monoohord 
can be produced by removing the telephone diaphragm 
and adjusting the pole pieces near the middle of the wire. 
When the alternations of the current are brought into 
tune with one of the natural periods of the wire, the latter 
is set into violent vibration and the vibration can be 
maintained indefinitely. 

TBAN83II8SI0N 

112. SOUND WILL NOT PASS ACROSS 
EMPTY SPACE 

8. B. Humby 

The telephone receiver as a source of sound is more con- 
venient than the electric bell usually employed to show 
that sound will not travel through a vacuum. The tele- 
phone can be hung by a piece of elastic within a small 
beU-jar and fitted with very thin coiled wires, to connect 
it to the oscillating cu'cuit (see experiment 9G). The 
loudness of the note is easily regulated, and when the air 
has been pumped out of the jar, there is no sound. The 
note can be very loud Avhen air is allowed again to enter 
the jar. 


VIBBATION IN PIPE8 

113. KUNDT’S TUBE 
8. B. Humby 

Another striking example of resonance, that of a long 
air column to a loud note, can be shown by connecting a 
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horn loud-speaker unit by a short length of wide rubbed 
tubing to a long glass tube. This gives the Kundt’s tube 
apparatus for measuring the velocity of sound in any gas. 
Dry lycopodium powder or cork dust is placed along the 
tube, and the oscillator (experiment 96) is made to give a 
loud note of moderately high pitch. The length of the 
air column is varied by means of a piston until the powder 
is violently distm’bed. It then settles into heaps at haK 
wave-length intervals, from which the velocity of sound 
can be obtained if the frequency has been determined. 
The frequency is easily found, either by adjustment with 
a fork of known pitch, or by measuring the wave-length 
of the stationary waves in air for which the velocity is 
accurately known. 

114. KUNDT’S EXPERIMENT AND THE END 
CORRECTION 

Eric J. Irons 

As a source of sound, a brass tube, about 1 cm. in 
external diameter and 1 m. in length, is suitable. A 
cork cone, of height about 2 cm. and base slightly less 
than the cross-section of the glass sound tube, is required. 
It should bo pierced along its axis with a hole (under 
2 cm. in length), into which the brass rod fits firmly, the 
base of the cone being directed away from the rod. 
Additional security, which is essential for good results, 
may be obtained by the use of scahng-wax. When 
fixing the cork in this manner, it will be found better to 
heat the rod rather than the wax. The other end of the 
rod may be weighted (by means of a screw protruding into, 
and soldered to, the rod) until it balances about its centre. 
The rod is clamped at its centre between two triangular 
prisms of wood by means of four bolts and nuts, in the 
manner sho-wn in the diagram. 

As an indicator of nodes and loops, cork dust, obtained 
by sifting filings through a fine mesh, is preferable to 
lycopodium, since with cork dust the need for much pre- 



124 


SOUND 


caution to ensure dryness is unnecessary. The dust is 
first laid in a narrow band along a metre scale. By in- 
serting the scale into the tube, tilting and tapping it 
sharply, the dust is deposited in a line along the bottom 
of the lube. The formation of the figures is facilitated 
by rotating the tube through an angle of some 60°. 

The apparatus being set up and the sound tube fur- 
nished with a closely fitting movable stop, it should be 
found possible to obtain figures for almost any position of 
the stop. When the stop is adjusted so that its distance 
from the end of the rod is approximate!}- an integral 



Fig. 93. 


number of half wave-lengths, good figures, showing well- 
defined striae, should be formed with one, or at most two, 
strokes of the rod with a resined duster. It will be seen 
that thick and thin striae alternate in the loops. Con- 
tinuous stroking causes the dust at the antinodos to shift 
along the tube and form into heaps at the nodes ; these 
heaps enable the half wave-lengths to be determined with 
precision. 

For a photographic record of dust figures formed by 
the use of this apparatus the reader is referred to the 
Philosophical 2Iagaziiie, Vol. VI f, p. 523 (1929). 

Bemoving the stop altogether, it should be found pos- 
sible to obtain good figures with an open tube ; moving 
the tube relatively to the end of the rod may give rise to 
better results. If care be taken that the end of the sound 
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tube protrudes over the bench carrying the apparatus and 
is removed from any obstacle likely to give rise to a 
reflected wave, a convenient means for estimating the 
end correction of the tube is afforded. For, the value of 
the half wave-length (A/2) of the distm'bance in the tube 
being known from the nodal or antinodal distances, and 
the distance (c) of the antinode nearest the end from that 
end being measurable, it follows that the end correction 
(usually expressed in terms of the radius of the tube) is 
(A/2 - c). 

Experiments made in this way for notes corresponding 
to half wave-lengths of 6-6, 7-7, 10-7 and 19-7 cm. yielded 
values of the end correction respectively equal to 0'57, 
•62, -58 and -64 times the internal radius of the tube. 

For teaching purposes this method has an advantage 
over that of Blaikley, in that it gives an ocular demonstra- 
tion of the fact that an antinode is not strictly at the end 
of an open tube. Further, from a knowledge of the half 
wave length of the disturbance in the tube, and the fre- 
quency of the exciting note (obtained by means of a sono- 
meter), the velocity of sound in air is immediately 
calculable. The alternative of determining the velocity 
of sound in the material of the rod, given that in air, is 
also possible.^ 

As an alternative source of sound, a telephone dia- 
phragm actuated by a valve oscillator and amplifier may 
be used to form the dust figures. 

115. THE FREQUENCY OF A RESONATOR 
Eric J. Irons 

The frequency of a resonator is given by n = al2ir'\/ c/V, 
where a is the velocity of sound in the gas contained in 
the reservoir of volume V, and c is the conductance of the 
orifice of the resonator.^ 

To test the dependence of on V, a large dropping 
funnel or similar vessel (diameter about 16 cm.), having 

* Bayleigh, Theory of Soutid, Vol. II, p. 174 (1926). 
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a small opening, is suitable. The practice of the method 
is to introduce water into the funnel until it resounds 
to a tuning fork ; the adjustment to unison is facilitated 
by listening for beats between the fork and the note 
emitted by blowing across the mouth of the reservoir. 
The volume of the reservoir having been measured (by 
determining the difference between the volume of water 
to fill the reservoir to the bottom of the orifiee and the 
volume of water it actually contains), and the experiment 
repeated with a number of tuning forks of Imown fre- 
quencies, a curve may be drawn between V and n, or, for 
senior classes, a logarithmic plot of these quantities made 
to demonstrate the constancy of the product of frequency 
into the square root of the volume. An example of such 
a plot, using a resonator of volume 1,870 c.c. and forks 
whose frequencies varied between 128 and 512 cycles per 
second, is shown in the figure. 



Assume pitch x (volume)* = constant. 

Then log (pitch) = — k log (volume) log c. 
Gradient of line = — -SI. 
k = ^ (approx.). 

pitch X V (volume) = constant. 

The dependence of w on c (with V constant) may be 
examined by experiments in which the notes obtained 
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from an ocarina are determined by a sonometer. (The 
conductance of a circular hole in a thin wall is approxi- 
mately equal to its diameter, and the resultant value of c 
due to a number of open holes is found by adding the 
constituent values, as in the electrical case of conductances 
(in parallel ').) 


VIBRATION OF RODS 

116. TITE FREQUENCY OF VIBRATION OF A 

TUNING FORK 

S. R. Bumby 

A 12-in. dLaineter wooden disc is fixed on the revolving 
table of a gramophone. Round the edge of the disc is 
fastened a strip of paper blackened in a flame of benzol. 
The paper strips are easily and very cheaply made by 
sawing through a roll of paperhangers’ “ fining paper.” 
A J-in. bristle is fixed by a small piece of soft wax to the 
end of one prong of the fork, and this is touched, while 
vibrating, against the revolving paper. The speed of 
revolution is found by the use of a stop watch. 

The wave trace on the paper can be “ fixed ” by passing 
it through a dilute solution of shellac in alcohol. Three 
consecutive experiments with the same fork gave fre- 
quencies 384, 385 and 384. The change of frequency, due 
to the soft wax and the bristle, was found (by counting 
beats) to be about ^ per second. 

117. THE RELATIVE FREQUENCIES OF THE 
FUNDAMENTAL AND FIRST OVERTONE OF 
A ROD CLAMPED AT ITS CENTRE 

Enc J. Irons 

When a rod about 2 m. in length is clamped at its 
centre, it is possible to elicit the fundamental and first 


Rayleigh, loc. cU. and p. 178. 
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overtone separately and distinctly. The vibration of the 
rod in the two instances is represented in the conventional 
manner in the figure, from which it may be observed that 
the frequency of the overtone is three times that of the 


L. . I 
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fundamental. To obtain the notes, the rod should be 
stroked with a tesined duster between the points indi- 
cated by the arrows ; when sounding the overtone, any 
trace of the fundamental may he eliminated by holding 
the rod between two fingers at P. If the rod be used to 
drive a Krmdt’s tube in the manner described in experi- 
ment 114, the haK wave-length of the fundamental in the 
air of the tube may be seen to be three times that of the 
overtone, indicating that the frequencies of these two 
notes are as one to three. 


VIBRATION OF STRINGS 

118. A SCREW-ADJUSTABLE SPRING BALANCE 
FOR SONOMETER WORK 

D. G. A. Dyson 

It is difficult to obtain very satisfactory results with a 
horizontal sonometer and the usual pulley and weights 
when these results depend on a knowledge of the tension 
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of the wire. This is due to friction at the pulley. Much 
better results are obtained by the substitution of a screw- 
adjustable spring balance, reading to 20 kilograms. 

A J-in. square iron rod, rather more than twice as long 
as the full extension of the balance, is forged round for 
half its length and tapped with a Y,,-in. thread by a local 
ironmonger. This passes through a J-in. thick iron plate, 
bolted to the end of the sonometer, and through a metal 
strip bent into a square arch, which serves as a guide and 
also prevents twisting of the rod when screwed up. The 
balance hooks on to a small screw at the end, and the 
tension is easily adjusted to any value by means of the 
wing-nut. 



Fig. 96. 


Corrosion of the ordinary piano steel is often trouble- 
some ; the substitution of spring-tempered Firth “ Stay- 
brite ” steel wire has been found most satisfactory. This 
is rustless and, at the same time, has an exactly known 
density of 7-93 grams/c.c., so that the mass per unit 
length can be obtained from its diameter, and the neces- 
sity for cutting and weighing is obviated. It has a tensile 
strength of about 100 tons per square inch, which is only 
slightly inferior to piano steel ; a good size for all-round 
work is No. 24 S.W.G. (about -50 mm.). 


119. MBLDE’S EXPERIMENT 
E. Nightingale 

A suitable fork is made by bending a piece of steel, 
about 32 in. long, in a vice. When clamped to the 
I— 10 
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bench, this will vibrate a long time when plucked between 
thumb and forefinger. Some results obtained are as 
follows : 

Mass of Stbinq 1-7 Gbaais feb Metbe 


Load. 

Lengtli of 
String. 

400 grams 

2'5 metres 

100 „ 

2-6 „ 

26 „ 

2'6 „ 



120. ALTERNATING CURRENT USED TO PRO- 
DUCE A RESONANT VIBRATION IN A 
STRETCHED WIRE 

W. E. Pearce 

The interesting feature of this experiment is the volume 
of sound it produces. Stretch a thick iron wire (No. 16 
S.W.G.) over a sonometer by a heavy weight (50 lb.). 
Around a piece of soft iron, I, 1 in. in diameter, wind 300 


A. C. Supplif 


I 
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turns of wire and pass a current of 5 amps, from the A.C. 
mains through it. Then place it just over the centre of 
the iron wire. If the latter be adjusted so that its length 
is such that its period of vibration is the same as that 
of the periodicity of supply, the wire vibrates strongly. 
The enhanced effect of exact turning illustrates clearly the 
tendency of the wire to vibrate with a definite period. 
The application of this to the ordinary commercial fre- 
quency meter is well worth while. 

WAVE MACHINES 
121. SPIRAL WAVE MACHINE 
F. 0. Luion 

Wrap a double layer of corrugated cardboard round 
a cardboard tube of 2 or 2 J in. diameter. Round this 
“ former ” wind about 80 turns of No. 18 S.W.G. bare 
copper wire in a close coil. Secure each end by twisting 
it on to the adjacent turn. The presence of the corru- 
gated card makes the removal of the coil from the 
former ” a simple matter. Carefully stretch the coil to 
form an open helix with about ^-in. spacing between the 
turns. Load each turn with a small piece of lead. The 
combination of low elasticity with considerable mass gives 
a low velocity, and the waves are easily seen. 

122. TO PROJECT THE WAVE FORM OF A GRAMO- 
PHONE RECORD WHILE THE INSTRUMENT 
IS PLAYING 

S. B. Huviby 

The relation of amplitude, frequency of vibration and 
wave form to loudness, pitch and quality are strikingly 
illustrated by this apparatus. The apparatus is inexpen- 
sive, and if the demonstration is to a small class, a flash 
lamp, with a “ point ” filament, gives sufficient light. 
(For a large lecture-room use a motor headlamp or an 
arc fight.) 
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Attachment of Mirror. 



Fio. 99. Fig. 100. 


S = old type of gramophone sound box. 

B = a bar of brass fixed to the metal edges of the sound 
box. 

M = a microscope cover slide, silvered to act as a light 
plane mirror. It is stuck, with rubber solution, 
to the bend of the rod which vibrates the sound- 
box diaphragm and to the small groove on the 
brass bar. (It hinges at this latter place.) 


Optical Arrangement (not to scale). 



Fig. 101. 
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123. COMBINED MAGNETISER AND DEMAGNE- 
TISER FOR USE ON ALTERNATING -CURRENT 
LIGHT MAINS 

F. A. Meier 

It is possible to use a solenoid with alternating current, 
not only for demagnetising bar magnets, but also for 
remagnetising them. The apparatus needs but little 
description. It consists of a solenoid, 40-50 cm. long, 
having about 6 layers of No. 22 insulated copper wire 
for 110-volt supply, wound on a metal tube. Square 
wooden or fibre ends serve to keep the wire in place. A 
tapping key and fuse are put in the circuit and a plug 
adaptor to fit the electric light, as shown in Fig. 102. 



Fig. 102. 


The resistance of the solenoid should be so high that a 
maximum current of 4-5 amps, is not exceeded. A con- 
tinuous current of 5 amps, would, of course, heat the 
solenoid too much, but not if the current is used only 
intermittently, as would actually be the case. For a 
220-volt supply, a resistance in series with the solenoid 
win be required. Tbe whole apparatus is mounted on a 
base-board which can be fixed near the olectric-light 

133 
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s\\itch, so that it is always ready for use in the laboratory. 

(I) To “ Demagnetise ” a Bar Magnet. — Place the 
magnet in the solenoid in position 1 (see Fig. 102) and, 
keeping the tapping key depressed, withdraw the magnet 
along the axis to position 2. Then do the same, inserting 
the other end of the magnet. It should be completely 
demagnetised. 

(II) To “ Remagnetise ” a Bar of Steel . — ^Place the bar 
right inside the solenoid and momentarily depress the 
tapping key. The bar will be found to be magnetised. 

The arrangement just described is a great convenience 
in the laboratory. It should be permanently set up so 
that any boy can magnetise or demagnetise a magnet 
or piece of steel that he is going to use, instead of having 
to rely on its being in a suitable magnetic condition. 
There is a fuse in series with the solenoid for safety. A 
small compass needle is let into the base-board on which 
the coil is mounted, so that the polarity of the magnets 
after magnetisation can be tested. It is a good thing for 
a boy to realise that it is quite possible for the end of a 
magnet marked N to be a south pole, and that the only 
safe way is to test it at the start. 

124. SUSPENSIONS FOR OSCILLATING 
MAGNETS 
F. A. Meier 

A very convenient arrangement is that shown m the 
diagram. A piece of No. 18 Eureka wire, W, bent as 
shown, is soldered at the lower end into a small piece of 
brass rod with a hole and tiny set-screw to clamp the 
magnet. An ordinary wire connector sawn in half will 
serve the imrpose. Another similar piece, or the other 
half of the wire connector, is soldered to the other end, 
and in it is clamped a sewing needle to act as the pivot. 
The centre of gravity should be vertically below the point 
of the needle. The needle rests on a piece of glass held 
in a wooden clamp. With such an arrangement, the 
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magnet will swing freely for a minute. No glass case is 
needed if the room is moderately free from draughts, 
but a cylindrical ring of paper or thin card, 3 or 4 
in. wide, is advisable. The needle can, of course, be 
renewed at any moment without trouble. 

The moment of inertia of the suspension is so small as 
to be negligible (i.e. less than 1 per cent.) as compared 
with that of a piece of a thick knitting needle, about 6 in. 
long, used as the oscillating magnet. Such a magnet 



wiU give a deflection of 30 to 40 degrees on a magneto- 
meter and good results for H, besides saving a con- 
siderable amount of annoyance. The knitting needle 
should be hardened by heating to a bright red heat and 
then plunging into cold water. 

For suspending heavier magnets, artificial silk such as 
is used for embroidery will be found very satisfactory. 
The silk generally consists of three main strands, each of 
which is made up of about 40 fibres. If one end of one 
of the main strands is fixed, it is quite easy to untwist 
the fibres and take as many as are required to support 
the magnet. One fibre holds about 10 grams. If the 
ends are slightly moistened, the fibres cling together and 
can easily be tied. A convenient stirrup can be made 
but of a piece of gummed label. The restoring couple 
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due to such a composite thread is very tiny and negligible 
compared to the earth’s restoring couple exerted on the 
magnet. 


ELECTRO-MAGNETISM 

125. AN ELECTROMAGNET TO WORK OFF A 
3 0-VOLT DRY BATTERY AND LIFT 35 LB. 

E. H. Duckworth 

The original electromagnet constructed by Sturgeon 
was in the form of a horse-shoe. After all these years, 

apparatus dealers still seU 
miserable red horse-shoe 
contrivances at 8s. each, or 
more, for class demonstra- 
tion, that bear not the 
slightest resemblance to the 
monster lifting magnets 
used in engineering works. 

A magnet taking 0-5 
ampere and capable of 
lifting an iron block 35 lb. 
or more in weight can be 
made as follows at a cost of 
4d., if a lathe is available. 
The efficiency of the design 
depends on keeping the 
magnetic field closed and the 
Fig. 104 . reluctance small. 

The dimensions are shown 
in the figure. A piece of wrought iron, 5-5 cm. diameter 
and 2-5 cm. thick, was not available for turning, but a 
blank of suitable size was hammered out on an anvil after 
heating in a small forge. To get the non thoroughly soft, 
it was finally made red-hot, covered with glowing coke and 
left to cool. It was then turned up in a lathe and a channel 
was cut in the front face for the embedded winding. 
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The winding used consists of If oz. of No. 28 D.C.C. 
wire, held together with paraffin wax. The winding 
of the coil was done in a lathe on a wooden former (Eig. 
105). Before the coil was slipped ofE, it was treated with 
hot paraffin wax. To prevent the wire sticking to the 
wooden former, the wood was, previous to winding, 
covered with thin paper. 

The coil should be made a little smaller than the 
channel cut in the iron ; it is then 


quite an easy matter to slip it into 



position flush with the face of the 
magnet. Holes are bored in the 
bottom of the channel and the ends 





of the coil are brought out to small 
terminals fixed on an insulating slip 




of wood. 

Fig. 105. 



If the iron has been well softened, 
there will be very little residual magnetism and, used 
with a 4-volt accumulator, it is almost impossible to 
detach this magnet from a block of iron. 

126. MAGNETIC STRENGTH AND THE MAGNETIC 
PROPERTIES OF DIFFERENT METALS 

E. W. E. Kempson 

In the following experiment, magnetic strength is 
measured by the pull of a magnet on its armature ; the 
magnetic properties of different metals can be compared 
by their puUs under equal conditions. The magnetisa- 
tion curve will have ampere-turns as abscissae, which 
will therefore be proportional to “ H ” ; ordinates 
will represent pull, and will therefore be proportional 
to “ B* ” instead of “ B,” as in the ordinary magnetisa- 
tion (B — H) curve. 

Two electromagnets of equal dimensions are made, one 
of wrought iron, the other of cast tool steel. A good 
magneto steel is to be preferred to the tool steel if it can 
be obtained. Each electromagnet is made of round 
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rod, 1 iu. in diameler, forged to a semicircle of 5 in. out- 
side diameter ; the armature of each magnet is an equal 
.semicircular piece ; the faces of contact between the 
magnet and its armature .should be filed fiat, scraped and 
rubbed doum with carborundum powder, so as to make 
really good contact — this part of the work requires good 
but not particularly expert fitting. Fig. lOG shows the 

general arrangement 
of one of these 
magnets and its 
armature. 

In the particular 
experiment described 
here, the electric cir- 
cuit of the wrought- 
iron magnet had 73 
turns, that of the 
cast steel magnet 146 
turns ; current was 
available up to about 
20 amperes, so that 
the maximum num- 
ber of ampere-turns was about 1,500 for the wrought iron 
and 3,000 for the cast steel. A circular magnetic circuit 
was chosen as being simple and easy to make, but probably 
another shape would do as well ; a shorter circuit would 
be more convenient in some laboratories, for it would 
require proportionally fewer ampere-turns. 

The magnetising ampere-turns are increased step by 
step, and at each step the load on the armatiue is increased 
imtil this breaks the magnetic circuit and the armature 
falls off. 

Tables of actual values for the wrought iron and cast 
steel are given, and the results are plotted in Figs. 107 and 
108. For comparison, corresponding values of ampere- 
turns and total magnetic flux in “ maxwells ” were also 
observed, and have been plotted on the same figures with 
the same scales of abscissae. 
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TaBUi! 1. Wkought-ibox Maojost 


Amp^ro-turzis. 

Pull. 

Amp£rc-tiims. 

Phil. 


lb. 


maxwells. 

0 

0 

0 

0 

44 

7 

44 


83 

31 

73 

28,500 

no 

53 

146 

52,500 

153 

89 

219 


237 

125 

336 

68,500 

372 

153 

584 

75,500 

621 

183 

— 

— 


Tablb 3. Cast-stbei. Magnet 


Amp^rc-ioms. 

Pull. 

Ainp6rc-turns. 

Flux. 


lb. 


maswellB. 

0 

0 

0 

0 

372 

3 

292 

0,260 

467 

10 

438 

19,000 

533 

13 

776 

41,000 

620 

26 

1,620 

67,000 

730 

33 

2,120 

76,000 

876 

51 

— 

— 

1,170 

73 

— 

— 

1,970 

123 

— 

— 

2,550 

133 

— 

— 

2,820 

143 

— 

— 


The cmves of “ pull ” eind “ ampere-txiras ” exhibit 
the chief characteristics of the ordinary magnetisation 
curves ; the convex and concave bends illustrate well the 
rapid increase in permeability in the initial stages, fol- 
lowed by a decrease in permeability as the condition 
approaches saturation ; there is a marked difFerence in 
magnetic permeability in the two metals throughout. 

It is interesting also to compare the actual pull of the 
magnet with that calculated from the equation ; Pull = 
B^A 

dynes. In measuring the flux recorded in Table 1, 

Stt 

the exploring cofl. of the fluxmeter was wound over the 
middle of the magnetising circuit, and it is likely that 
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the flux fit thio part of the cirr-uit exceeded in some 
degree that d'ro«-' the two ~urfact'> of contact. 

The complete " Ht -tere-i* ” cwin'e may be plotted in 
the f-ame but *lii- i- a tedious bu-inc--. and seems 



hardly worth while at thij stage. It is, however, a 
simple matter to obtain two important points on the 
“ Hysteresis ’’ curve — ^those where the curve cuts the 
vertical and horizontal axes of co-ordinates — the former 
by measuring the pull required to break the magnetic 
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circuit when the electric current has just been reduced 
from its maximum value to zero, the latter by measuring 
the value of the reversed ampere-turns necessary to 
destroy the magnetism of the circuit so that the unloaded 
armature will just drop off. The values so obtained show 



clearly the great remanent magnetism in the wrought 
iron, the low retentivity of this metal and the relatively 
high retentivity of cast steel under demagnetising force. 
A striking demonstration may be given to show that 
hammering a wrought-iron magnet is not alone sufficient 
to destroy magnetism, for the wrought-iron ring may 
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be struck ^th a hammer, or dropped on the floor, w ilhout 
breaking the magnetic circuit. 


127. TO ILLUSTRATE THE TENDENCY OF 
MAGNETIC TUBES TO SHORTEN THEMSELVES 
31. Finn, 

Take a short piece of glass tubing, about J in. internal 
diameter, and heat the middle in a Bunsen flame, turning 
the tube round so that the wall liecomes thicker and the 
bore of the tube becomes very small. 

Slightly bend the tube at the heated part in the 
shape of the letter V- 

When cold, pour dilute sulphuric acid into the tube, fix 
it in a stand and connect up to the lighting mains, through 
lamps in parallel, by means of thin wues dipping in the 
liquid. Pass ciuTent. The lamps light, but immediately 
go out. At the same time, the thread of liquid in the 
bend of the tube breaks, a spark passes and the current 
stops. The continuity of the hquid is then restored and 
the lamps glow once more. This action continues so long 
as the electrodes dip in the acid. The repeated sparking 
wiU, if allowed to go on, crack the tube at the bend. Any 
conducting liquid, such as mercury, as well as any 
electrolytic solution, could be used. 

Each element of the circuit conveying an electric 
current is surrounded by magnetic tubes having the 
shape of closed curves, the circuit and each tube being 
interlinked like two links of a chain. Each tube tends to 
shorten itself and shrink back on to an element of the 
circuit. Each element of the circuit is thus being 
throttled by the magnetic tubes around it. It can be 
shown that an element of the conductor experiences an 
inward pressure proportional to i^/d^, where i is the 
strength of the current and d the diameter of the con- 
ductor. If at any point in a liquid conductor the cross- 
sectional area be reduced, the pressure over the element 
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will be greater than over neighbouring elements, and the 
liquid will tend to break where the cross-section is least. 
A form of current interrupter based on this principle is 
described in No. 144. 

MAGNETIC MEASUREMENTS 

128. THE INVERSE SQUARE LAW 
J. E. Calthrop 

In this experiment a square and a cylindrical cobalt- 
steel magnet of the same length are plaeed horizontally 
on a sheet of glass, used as an inclined plane so that the 
magnets repel each other. 

The nearest distance from A (Fig. 109) at which the 
cylindrical magnet B comes to rest is found, and in this 
position it may be assumed that friction is acting down 
the plane, and against the magnetic repulsion. 




The separation of the magnets is found for various 
inclinations of the plane, and from the results obtained 
the law of inverse squares may be illustrated. 

Theoby 

Let d be the separation of the magnets, m^, the 
respective pole strengths, and I the distance between the 
poles, which is apj)roximately the length of the magnet. 

The magnetic repulsion may then be calculated from a 
consideration of Fig. 110, if the inverse square law be 
assumed. 
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There are two repulsive forces, each equal to 

dr 

opi^osed by two foi'ces due to the cross-attractions, each 
equal to — 

d __ . d 

^ W+Wi ~ W+W 

The total repulsive force is therefore — 

2m,mo T- il = F, say. 

^ * Ld^ (d* -f P)'} ^ 

In Fig. 109 are represented this force, F, up the plane, 
the weight of the magnet, mg, vertically downwards, the 
normal reaction, R, and the frictional force, /iR, down 
the plane, where /a is the coefficient of friction. 

The angle of tilt is small, so that usually R may be 
taken as equal to mg. 

Resolving all forces parallel to the plane, it is found 
that — 

2miWia J - iimg = mg sin a . . (1) 


If h is the height of the plane and L its length, the 
equation may be written — 


2miWi2r 1 

mg Ldj 


d "I 
{d^ + P)' . 


— [Lmg = mg 


h 

L 


. ( 2 ) 


The results are then treated as follows ; the expression 
in the bracket is calculated for each value of d, and is 
plotted on a graph against the corresponding value of h. 
The curve obtained is found to be a straight line, thus 
verifying the assumption of an inverse square law except 
for near approach, when the repulsive force between the 
magnets is found to vary simply inversely as the distance, 
thus showing that it is not then legitimate to think of the 
poles as points. Also demagnetising effects will then be 
greater. It is seen from equation (2) that when the 


term in the bracket is zero, ^ = 


h 

V 


and thus from the 
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intercept on the axis of h, the coefficient of friction may 
be determined, giving a value in fair agreement with that 
obtained by a direct determination. 

For typical result, see S.8.R., (XLVI) December 1930. 


129. MAGNETOMETER 
Birmingham, 1931 

The magnet (chrome 
steel) is placed on the 
back of a half-silvered 
mirror, supported by a 
fibre of unspun silk. 
The suspension is con- 
tinued beneath by a fine 
wire to a paper vane, 
which dips inside a glass 
tube for damping. 

The scale is viewed 
obliquely from above, 



Fig. 111. 



Fig. 112. 


directly through the upper clear half 
and by reflection in the lower silvered 
half. When the magnet is oscillating, 
the image of the fixed scale rotates 
alongside the direct view of the scale. 
Orientation is fixed by the 0° and 180° 
coinciding. 

The apparatus is surrounded by a 
bell jar, preferably resting on the wooden 
base. 

130. DEAD-BEAT MIRROR 
MAGNETOMETER 

S. B. Humby 

A dead-beat mirror magnetometer is 
pai'ticularly useful for demonstrations 


I— 11 
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of the properties of magnetic materials and for experi- 
, ments on hysteresis. 

The instrument is enclosed 
I in a glass-fronted case to 

I prevent disturbance from ah 

’’’ j currents. 

I 

I 131. THE GAUSSMETER— 

1 CONSTRUCTION 

I F. A. Meier 

1 

j ' The Gaussmeter is an instru- 

U I ment which will measure 

! directly the value of the hori- 
f ^ I zontal component, H, of the 

! ^ '. earth’s magnetic field. 

1 ^ J The most important part of 

1 ^ 7 S2 apparatus is a small good 

j ^ I* j 7 compass needle, jewel mounted, 

j I i| with small cross-bar and glass 

' ^ ' on both sides ; this may be 

I ^ " I obtained for Is. 6d. from any of 

I ' the weU-known makers. It is 

I I a standard pattern. An inferior 

^ ! needle will not give the results 

' I specified. 

rtvC' compass is fixed in one 

^ ' ®nd of a piece of wood, about 

^ j 50 X 5 X 2 cm. (Fig. 113). A 

^ I I narrow central groove is made 

^ 'go 1 bi the wood, on which is placed 

' o ^ I a cobalt-steel magnet of dimen- 

I " [ sions 1 ft. X f’,} in. diameter. 

J — ^ The instrument is set approxim- 

ately in the magnetic meridian at 

' the place where H is to be found. 

The S end of the magnet is slowly made to approach the 
compass needle. If the earth’s field exceeds that of the 
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magnet, the needle will point north, and if the magnet’s 
field is the greater, the needle will point south. When 
the two fields are equal, that is, when the needle is at the 
“ NuU ” point, the needle will set approximately at right 
angles to the meridian if the instrument is gently roeked 
and the needle made to oscillate slightly so that friction 
is reduced to a minimum. One of the three small round- 
headed brass screws, S, in the base under the needle 
serves as a pivot for a slight rocking motion. 

A change in the field of „ of H can be detected by such 
a compass needle, and a movement of the long magnet 
of less than 1 mm. at a distance of 20 cm. is enough to 
cause a distinct movement of the needle, provided it is 
made to oscillate slightly, as already explained. 


132. METHOD OF CALIBRATING THE GAUSS- 
METER BY MEANS OF THE CALIBRATION 
CURVES 

F. A. Meier 

Before the instrument can be calibrated, it is necessary 
to know the value of H in one place, in the laboratory, or 
in the open air, to an accuracy of 1 per cent. The value 
in the open air for any place in England may be taken 
from the isomagnetic chart issued for the British Isles. 

This chart was published in the Transactions of the 
Boyal Society, Series A, Vol. 219, after the Magnetic 


Table aivura the Hobizoittal Component of the Eabth’s Field 
IN England 


Londtude. 


Ifoitli Latitude. 



50 ° 

61 ° 

52 ° 

53 ° 

64 ° 

65 ° 

56 ° 

67 ° 

East 1 ° 

■192 

■188 

■184 

■180 

— 



— 

— 

0 ° . 

•191 

■187 

■183 

■179 

■175 

— 

— 

— 

West 1 ° 

■191 

•187 

•182 

•178 

•174 

•170 

— 

— 

2 ° . 

■190 

■180 

■182 

•178 

•174 

■169 

■165 

KEa 

3 ° . 

■189 

■185 

■181 

•177 

■173 

■169 

■164 

■160 

4 ° . 

■189 

■186 

■181 

•177 

■173 

■168 

■164 

■169 

6 ° . 1 

■188 

■184 

■180 

•176 

■172 

•168 

163 

■169 




Pole Strength of Magnet 
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Survey by George Walker in 1915. Since it may not be 
readily accessible to some, a short table has been given 
on p. 147 with the values of H in different parts of 
England for the year 1916. The annual decrease is about 
■00011 gauss. 

Having decided on the value of H, the instrument 
without the magnet is set in the meridian in the open air 
and the needle allowed to come to rest. The magnet is 
now adjusted until the needle sets at right angles. A 
mark is then made opposite the end of the magnet on a 
paper strip which has been pasted on the instrument. 
The rest of the calibration is merely a matter of reading 
off the sizes of the scale divisions on the curves as 
follows : 

Suppose H = -ITO, and that the near end of the magnet 
is 19'4 cm. (= d) from the centre of the needle when it has 
been set in the open to balance the earth’s field. Draw 
a horizontal line, AB (see Fig. 114), for this value of d until 
it meets the curve for which H = • 1 76. Since curves have 
only been drawn for intervals of •! gauss, it may be 
necessary to estimate the point where B should approxi- 
mately be taken. Great accuracy in choosing the position 
of B is not required, since the curves are so nearly parallel. 

Through B draw a vertical line, XY. The points of 
intersection of the line XY with the successive curves give 
the position of the scale divisions. The numbprs below 
give the distances as deduced from the curves : 


Ofiufls}. 

Distance d from 
CompaBB to Scale 
DiTiBion. 

•20 

1S^24 cm. 

•19 

18-70 

•18 

19-18 „ 

•17 

19-70 „ 

•16 

20-27 „ 

•16 

20-89 „ 

•14 

21-67 „ 

•13 

22-33 „ 
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These distances are then marked on the strip of 
gummed paper on one side of the groove in the Gauss- 
meter. They are then numbered as in Pig. 113 and the 
calibration is complete. 


Note to Fig. 114 {pp. 148-9) 

It may be found that the magnets supplied by the makers are 
sometimes rather too strongly magnetised for use vrith these curves. 
Should that be so, they can easily be re-magnetised less strongly in a 
solenoid with either direct or alternating cun-ent without demagnetising 
them first. If direct current is used, care must be taken that the field 
in the solenoid is in such a direction os to reverse the magnetisation of 
the magnet. 

A knowledge of the pole strength is not required when calibrating a 
Oaussmeter, and the figures for pole strengths marked along the X axis 
should not be used. 


133. THE TWO “NULL” POINTS METHOD OP 
DETERMINING M/H 

F. A. Meier 

Till recently, the writer was not aware of the accuracy 
to which it is possible to locate the two “ Null ” points 
for a magnet lying in the magnetic meridian with its S 
pole pointing north ; but the method, though not usually 
adopted, is certainly preferable to, and much less liable 
to error than, the ordinary school deflection magneto- 
meter method used in the determination of H. 

If a metre rule is placed in the meridian (see Pig. 116), 
and on it is laid a cobalt-steel magnet (10 cm., say, by 
•6 cm. diameter), the positions of the two “ Null ” points 
may be found by slowly moving a compass needle, 
similar to that used in the Gaussmeter, towards the 
magnet, until it sets approximately at right angles to 
the meridian. Since both sides of the compass are glass, 
a reading of its position can be made to within ^ mm. ; 
a movement of \ mm. will be found to cause a visible 
movement of the needle. Tapping of the ruler is essential. 
The distance “2d" between the two “ Null ” points is 
then known without any measurements being required for 
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the position of the magnet. There are far fewer possi- 
bilities of errors in these two readings than when working 
with a deflection magnetometer. After some use in a school 
laboratory, these instruments often behave in a very 



uncertain manner, giving results 
upon which no reliance can be placed. 
Obviously the mass of the magneto- 
meter needle and its pointer is con- 
siderably more than that of the small 
needle in the plotting compass, and 
the damage done to the fine point on 
which it turns is bound to lessen its 
sensitivity after much less use. 

To show what accuracy may be 
obtained by careful work, the results 
of nine consecutive and quite inde- 
pendent experiments are given below. 
To prevent the observer from being 
biassed towards any particular read- 
ing, the position of the magnet on the 
scale was different each time, its posi- 
tion being chosen entirely at random. 
Care was taken that the table on 
which the work was done was free 
from magnetism. 


Sspprimect. 

1 

2 

3 

4 
6 
6 

7 

8 
9 


“ 2J.'' 

61-50 cm. 
61-50 „ 
61-60 
61-46 „ 
61-55 
51-50 „ 
61-62 „ 
61-47 „ 
61-55 „ 


Mean = 51-50 ,, 
Oreatest deviation from mean = -05 „ 


A claim that the error in the 
distance does not exceed 1 in 500 
is justified without undue optimism. 
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Such results with an ordinary deflection magnetometer 
are highly unlikely, and, even if obtainable, require 
a far greater skill. 

The value of M may then be ealculated from the usual 
formula = H. 

The choice of a magnet is important. It should fulfil 
• the following conditions : 

(а) It must be long enough to make an accurate 
determination of its moment of inertia possible. 

(б) It should have strong poles relative to its size, so 
that the distance between the two “ Null ” points is as 
great as possible. 

(c) It should be short enough for any error made in 
locating the poles not appreciably to affect the calculated 
value of M/H. 

(d) It should have a high coercive force, so that it 
does not lose any of its magnetism during the experi- 
ments. 

(e) It should have a small diameter compared to its 
length, so that the poles are not too diffuse. 

A magnet of cobalt steel, 4 in. long and J in. diameter, 
satisfies these conditions. 

The poles of such a magnet are about 1 cm. from the 
ends. 

Difficulty is often experienced in suspending such a 
magnet for oscillation purposes. (See experiment 124, 
last paragraph.) 

The usual oscillation experiment must be made to find 
the product MH. It may be as well to emphasise the 
fact that the double amplitude of swing should not exceed 
one-sixth of the magnet’s length for the time of swing to 
be accurate to 1 in 500. It has also occurred before now 
that school magnetometer boxes are fastened together 
with iron nails or screws and covered with varnish. 
Such a fatality must, of course, be guarded against. The 
stop-watch is a frequent source of error, and it should 
certainly be tested, either by wireless time or against a 
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good watch, to see that its error does not exceed 1 
second in 10 minutes. A small point, often not attended 
to, is to time the oscillations when one edge of the magnet 
is passing through the central position — denoted by a 
mark or other guide. 

134. EXPERIMENTAL CONSTRUCTION OF THE 
GAUSSMETER SCALE 
F. A. Meier 

Assuming that the value of H is known at one spot 
in the laboratory and also the magnetic moment of 
the magnet used in the experiment, we may now either 
use the calibration curves (Pig. 114), or we may 
construct the scale for the Gaussmeter experimentally 
as follows : 

Let us suppose that the value of H was ‘172 gauss — 
this value having been obtained by the method described 
in experiment 133, or by comparing the times of oscillation 
of a magnet in the open and in the laboratory : the field 
in the open being given in the table on p. 147. Place 
the Gaussmeter in the meridian, and the magnet M, of 
known magnetic moment at such a distance, r, from the 
centre of the needle that it produces a field of -008 gauss 
to supplement the earth’s field and brings the total field 
up to -180 gauss (see Fig. 116). The value of r is easily 
calculated with sufiicient accuracy from the approximate 
2 M 

formula — = -OOS. 

J.3 

Now adjust the position of the magnet AB until the 
needle of the Gaussmeter sets at right angles to the 
meridian (remember to make the needle oscillate sUghtly, 
as previously explained) and make a fine mark opposite 
the end B on a .strip of paper gummed to the base-board, 
and intended for the scale. 

Repeat this procedm’e several times, supplementing or 
diminishing the earth’s field by amounts which will make 
the total field -IB and -20, etc. Three points are really 
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sufficient for an accurate curve to be drawn, since it is 
of very slight curvature, and the other values can be 
interpolated. The curve is best drawn by the aid of a 
steel ruler, which is bent to pass through the points. It 
is difficult for one person to do this. 

It is not necessary to know the magnetic moment of 
the magnet used for altering the value of the field to an 
accuracy of more than 3 per cent., for it is used only for 
producing a small additional or subtractive field, and a 
3 per cent, error in this does not affect the total field by 
even 1 per cent. 

The Magnet that is used with the Gaussmeter. — ^It is 
essential that the magnet used with the Gaussmeter should 
permanently retain its magnetism. For this reason, 
a cobalt-steel magnet of high coercive force is chosen. 
To diminish the demagnetising effect of the poles, the 
magnet is long and of small cross-section (1 ft. X y \5 in, 
diameter). It need hardly be added that it should not be 
allowed to come into contact with other magnets, nor 
be brought into powerful magnetic fields such as are 
liable to be encountered near an electromagnet, motor 
or dynamo. 

The constancy of the magnetic moment of a long thin 
bar magnet depends on a great many factors. The 
magnet suffers a loss after magnetisation, at first rela- 
tively rapid, but after some time the rate of decay becomes 
negligible. Mechanical shock of any kind reduces the 
pole strength. Tapping the magnet with a hammer 
longitudinally after magnetisation has a tendency tp 

age ” the magnet and bring its molecules into a steady 
state. Cobalt-steel magnets seem to lose about 1 to 2 
per cent, of their magnetisation when thus hammered, 
and to be then more resistant to shock. 

It is not necessary to locate the position of the pole of 
the magnet. Such magnets usually have poles between 
1 and 1'5 cm. from the ends ; this amount of variation 
is not sufficient to cause errors that need to be taken into 
account, since one point on the scale of the Gaussmeter 
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is always found experimentally even when the calibra- 
tion curves are used. 



135. TO RECONDITION THE 
GAUSSMETER 
F. A. Meier 

It is almost impossible to guard 
against the magnet belonging to the 
Gaussmeter accidentally coming into 
contact with other magnets. Should it 
do so, and you suspect a change in its 
pole strength, it can at once be ascer- 
tained by setting the Gaussmeter at the 
point in the laboratory where H is 
known, and seeing if it gives the correct 
reading. Should there be an error, it 
will almost certainly indicate a re- 
duction in pole strength. Remagnetisa- 
tion with a solenoid is then required. A 
convenient magnetiser has already 
been described in experiment 123. 
Any long coU, with half a dozen layers 
working off either direct or alterna- 
ting current light mains, is suitable. 
A rheostat must be used, and by the 
method of trial and error the right 
current can soon be found. It is 
convenient to remember that the pole 
strength can be slightly reduced by 
hammering, and that it is not necessary 
to obtain exactly the same pole strength 
as the original magnet, for the scale 
divisions alter only very slightly as 
the pole strength varies. This can be 
seen by looking at the curves in 
Fig. 114, pp. 148-9. They are nearly 

n 1. . . i .f ii 1* ncrTT 'll 
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into which it is divided b}' the curves. A copy of the 
old scale, pasted on in a slightly altered position to 
suit the new magnet, will still give readings within a 
1 per cent, accuracy. 

136. THE MAGNETIC MOMENT-METER 
F. A. Meier 

The construction of an instrument to measure 
directly the magnetic moment of a bar magnet involves 
a knowledge of H in one place in the laboratory where 
it is used. Such an instmment is obviously most helpful 
to the teacher, for it is the only possible way he has of 
quickly checking the value of magnetic moments. 

Since H has already been ascertained when calibrating 
the Gaussmeter, this value can be used. Once again we 
adopt the principle of moving a magnet, lying in the 
meridian, towards a compass needle mitil the magnetic 
force of the bar magnet balances that due to H ; this is 
indicated by the needle setting, or tending to set, at right 
angles to the meridian. 

Constructional Details. — A compass needle of the same 
type as that used in the Gaussmeter is fixed at the end of 
a board about 55 X 9 X 2 cm. A central rectangular 
groove, about 2 cm. wide and 1 cm. deep, is made in the 
board, into which fits a sKder carrying the magnet. 

If difficulty is found in making such a slot, it can be 
overcome by fixing two strips of wood on to a base-board, 
leaving a 2-cm. gap between them. The slider, about 
14 cm. long, has a central groove and a strip of squared 
paper divided into cms. along one side of the groove with 
an arrow at the centre. It is then quite easy to set the 
magnet with its mid-point opposite the arrow. The 
instrument is set in the magnetic meridian, and the slider 
is moved until the needle sets at right angles to the 
meridian. Three small round-headed brass screws should 
be fixed to the bottom of the base-board so as to give three- 
point contact with the table, one screw being near the 



158 


MAGNETISM 


compass end. The board can then easily be gently 
rocked to set the needle oscillating slightly in order to 
reduce friction. 



The number opposite the arrow on the scale indicates 
the value of the magnetic moment. 
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Theory of the Instrument . — ^For a very short magnet 
2.M 

= H, and the value of d can be immediately calcu- 
lated for different values of M, taking for H the one 
known value that has been measured. In the table 
given below, the value of H = *150 has been used, 
and the last column gives the various values calculated 
for d, from which the scale of the instrument has been 
constructed, d being measured from the centre of the 
compass needle. 

2 M 

But, unfortunately, the formula — = H is not true 

a® 

for magnets of finite length, and for the ordinary magnet 
used in magnetometry a correction has to be subtracted 
from the M shown on the scale. 

These corrections for different lengths of magnets are 


Tabus of Cobbectioks to bb subtracted fbom tbb Scai^ Kbabino 

TO ALLOW FOB THB FuTITB LbNGTU OF THE MaGNET (tHE LENGTH 
BEING APFBOXIUATELV THAT BETWEEN THE POLES) 


llognetic 

Uomciit. 

M. 

Length of Megucl. 

Distance “ d " 
from Centre 
of Compass to 
Scale DivIbIod. 

0 cm. 

8 cm. 1 

10 cm. 

1 

! IS cm. 

1 

400 

25 

40 

, 1 

65 

95 

17-48 

500 

25 

45 

70 

100 

18-82 

600 

25 

60 

76 

110 

20-00 

700 

30 

60 

80 

115 

21-06 

800 

30 

60 

80 

120 

2202 

900 

30 

66 

00 

126 

22-90 

1,000 

30 

60 

90 

130 

23-71 

1,100 

30 

60 

90 

130 

24-47 

1,200 

35 

60 

95 

136 

‘ 25-20 

1,300 

35 

60 

100 

140 

25-88 

1,400 

35 

66 

100 

145 

26-53 

1,600 

35 

65 

100 

150 

27-14 

1,600 

35 

66 

105 

160 

27-73 

1,700 

40 

70 

105 

150 

28-30 

1,800 

40 

70 

110 

155 

28-86 

1,600 

40 

70 

110 

160 

29-37 

2,000 

40 

70 

110 

160 

29-87 
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given in columns 2. 3, 4 and 5 of the table on p. 159. 
They are given only to the nearest 5 or 10, since this is 
sufficiently near to give the whole moment within a 
1 per cent, accuracy. 

The table of corrections is pasted on one end of the 
instrument. 


Method of calcvlating the Corrections . — The tme value 
of the magnetic moment (say, M„) should have been 

2.]Vr.d 


calculated from the usual formula 


= H. 


(d^ - 

Actually, the values of M were obtained from the formula 


= H. Therefore there is an error in the moment, 


which I shall call “ e." 


(d* — 

^ + ® ^ • 

TT ds 

= — ^ — — d.P. H + a small term. 


But 


2 

(M + e) = M - d.P.ll. 

Error e = — (d.i*.H) approx. 


For example . — ^If the scale reading M = 1,200, Avith a 
magnet of about 8 cm. betrveen the poles, the coiTection 
given in the tables is — 60. This is the product of 
= (25-20 X 4® X -15) = — 60. It is not neces- 
sary to know the position of the iroles to any great 
accuracy, since the correction is small compared Arith the 
whole magnetic moment M. Eor most magnets used in 
magnetometry, especially those of cobalt steel up to 
I in. diameter, it is near enough to consider the centre of 
the pole as 1 cm. from the ends. 

The instrument here described will gh’^e readings to 
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1 per cent, if carefully used. It is obviously intended 
only for the teacher ; it will greatly stimulate the interest 
taken in quantitative magnetism. It is essential to note 
that the corrections given in the table on p. 159 must be 

J£ 

multiplied by the factor — when used in a magnetic 


field difiering from H = -15 (H being the value of the 
field where the instrument is to be used). The column 
giving the values of d must also be multiplied by a factor. 


VIZ 


■ 


since d was originally calculated from the 


formula d= 

^ -15 

If the instrument is used untk the table of corrections 
given on p. 159, in a place where H is not -15, then the value 
of the magnetic moment obtained must be multiplied by 
H 

the factor — -. A correct table should be made with a 


slide rule, for the various multiplications can be done 
in a few moments. 


"^MAGNETOSTBICTION 

137. ELONGATION OF AN IRON BAR 
Bev. W. Burton 

A rod of iron, about 1 yd. long and J in. in diameter, is 
wound round with two or thi’ee layers of No. 22 cotton- 
covered copper wire to within 1 in. of each end. One 
end rests on a block of wood and is clamped to the bench ; 
the other end rests on the shorter arm of a bent pointer. 
This is made by drawing oat a piece of glass tubing to 
less than 1 mm. in diameter and bending it at right angles. 
The longer arm is about 30 cm. long and is vertical. When 
the iron is magnetised, the increase in length is shown by 
the movement of the tip of the pointer over a graduated 
1—12 
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mm. scale, pasted on a strip of mirror glass and held in 
a burette stand. 

138. ELONGATION OF AN IRON BAR 
W, H. Topliam 

A long iron bar is supported in a vertical position on an 
ordinary retort stand, and its lower end, which should be 
resting on the base of the retort stand, is connected with 
a battery and either a mirror galvanometer or, by means 
of a relay, with an electric bell. A screw with very fine 
pitch, e.g. a spherometer, is clamped just above the 
upper end of the bar, and is also connected up to the 
battery. The screw is carefully adjusted until it just 
does not make contact with the bar. The bar has 
previously been wound round with a coil of wire by 
means of which it may be magnetised. On doing this, 
the mirror is deflected, or the beU rings, showing that the 
bar has elongated and made contact with the screw. 
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On cutting off the current, these results cease. The 
expansion due to heating may be eliminated by using 
an iron tube traversed by a cmTent of water in the place 
of the iron bar. 


'magnetic poles 

139. METHOD OF LOCATING THE POLE OF A 
MAGNET ACCURATELY 

F. A. Meier 

The ordinary method of using a compass needle and 
producing the lines to meet or form a small triangle of 



Fia. 119. 


which the centre is taken is quite unreliable. This 
method may lead to errors up to 0-6 of a cm. for the 
position of each pole, and errors up to 8 per cent, for the 
pole strength. The magnitude of this error outweighs 
aU the others, and it is suggested that the following 
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method be adopted for asceiiaining the position of the 
pole when a iJolc strength is to be accurately measured. 

Place a good compass needle on a piece of lined foolscap 
with the lines of the paper pointing in the magnetic 
meridian (Fig. 119). 

Now place the magnet along the margin of the paper 
in the position shown in Fig. 119, in such a position that 
the needle is not deflected from the meridian. The end 
of the magnet will not necessarily lie on the line DO, and 
the amount by whieh it overlaps must be noted. 

Arrange that QO is about one-third the magnetic 
length of the magnet. 

The two forces due to the poles Pg and P^ ean be repre- 
sented by the lines PgO and OX in the figure, where 
PgO = 9 times OX. Their resultant must, of com’se, 
be parallel to the meridian. 

Now (approximately to an accmacy 

of 1 in 20). This can be verified by drawing or admits 
of a simple proof. 

Hence QPg = one-ninth of QO. 

The distance of the pole Pg from Q is therefore one- 
ninth of the distance of Q from 0. 

If a greater ratio is chosen for the distances from the 
poles to 0, say 4 to 1, the true pole Pg will be one-sixteenth 
of QO along the magnet from Q. The total distance of the 
pole from the end will be QPg plus the small overlap of 
the magnet beyond the line DO. The error made in 
locating the pole by this method is less than half a milli- 
metre. Not a single line need he drawn, and all calculation 
can be done menially in a few seconds, though it has taken 
a long time to describe the details of locating the pole. 
Only an approximate knowledge of the position of the 
poles is assumed in this method, and it is unlikely that 
errors greater than 1 in 30 are made in the lengths QO 
and PjO. PgO is very nearly equal to QO, and the latter 
is much more conveniently measured when setting the 
magnet. 
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In determining the position of the poles, the eompass 
needle may be placed at a distance of not less than 
4 cm. from one pole of the magnet. I am not aware 
of any other method by which it can be located with 
sufficient accuracy to avoid errors up to 8 per cent. For 
a 12-cm. cyhndrical magnet of i cm. diameter, the 
ordinary way of getting the pole with a compass needle 
leads to a magnetic length that is about -7 cm. in error. 


140. RAPID DETERMINATION OF POLE 
STRENGTHS 
F. A. Meier 

A simple way of checldng pole strengths rapidly is to 
use a sensitive galvanometer (such as the uni-pivot self- 
clamping type sold by Messrs. Pye & Co., which has a 
sensitivity of about 1 micro-ampere per division) in series 
with a small ooU of, say, 100 or 200 turns. This coil should 
slide loosely over the magnet. The magnet is pushed 
half-way into the coil and the galvanometer allowed 
to come to rest. The magnet is then rapidly withdrawn 
and the kick of the galvanometer noted. In this typo of 
instrument, the kick is very accurately proportional to 
the number of lines of force that have been cut by the 
coil. I have repeatedly tested this by a Grassot Flux- 
meter and append the results for such an instrument 
taken at random. 


QalvaDomotor kick 
with diCfeient 
magnets. 

7-6 

14-8 

2C-0 

30'4 


riutmeter itading, giviog 
number of ImcR of 
foicc eincxgmg from 
each polo. 

26-5 X 100 
50-0 X 100 
87-5 X 100 
135 0 X 100 


Satio of riUTmater 
reading to Oalvaliometei 
kick. 

3-38 

3-40 

3-36 

3-43 


Mcaji=3-39 


Greatest variation only I per cent, from the mean. 


The number of hnea is, of course, proportional to the 
pole strength. 



1G6 


MAGNETISM 


If, then, a single pole strength of any magnet be 
accurately kno^rn. and the kick of the galvanometer 
when this magnet is withdrawn from the coil, the constant 
for the instrument can be at once deduced. Hence- 
forward it can be used as a fluxmeter for measuring lines 
or pole strengths, the constant for lines of force being 
4- times that for measuring pole strengths. 

In the galvanometer considered above, the factor for 
reducing the kick to number of hnes of force is 339, 
and for reducing the kick to pole strength it is 339 divided 
by 4::. or 26-7. 

There is no difhculty in reading the kick to one-tenth 
of a division after the right position for the eye has been 
foimd. 

The problem therefore becomes one of finding once and 
for aU the pole strength of a single magnet (see experiments 
134 and 139) in order to be able to calibrate one or more 
galvanometers for future use to serve as fluxmeters. 
Only few laboratories will be able to afford a fluioneter 
costing £20 to £30. 
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ALTERNATING CURRENT 

]4l. THE FREQUENCY OF AN A.C. SUPPLY 

W. E. Pearce 

First Method. — The apparatus (Fig. 120) consists of a 
vibrator, AC, a magnetising bobbin, B, and a U-shaped 
magnet, M. The vibrator is a steel knitting needle which 
has had one end hammered out slightly and drilled with 



a fine drill so that a length of cotton can be attached to it. 
The other end is passed through the bobbin and through 
an ordinary wood screw terminal, A, so that it can be 
clamped at any point along its length. The bobbin is 
1 in. long, with a central hole I in. in diameter, and is 
wound with 150 turns of No. 28 D.S.C. copper wire. This 

I(i7 


1G8 


ELECTRICITY 


coil is connected in series with a CO-watt lamp, so that 
the circuit can he connected directly across the mains. 

One end of a length of cotton is attached directly to 
the vibrator, and the other end pa.sses over a pulley and 
has weights attached to it. When the alternating cur- 
rent flows through the coil, the free end of the vibrator is 
magnetised alternately X and S. It is attracted first to 
one pole of the permanent magnet and then to the other, 
so that a continuous vibration is set up. The vibrating 
length is adjusted until maximum amplitude results, 
which is the condition for resonance. 

The vibration is imparted to the stretched string, which 
vibrates transversely in segments. The length of the 
string, or the load, can be adjusted until the nodes 
are clearly marked. The wave-length can then be 
determined. 

Hence we can find n, using the usual formula : 

n = \ \/ where n = frequency 
A m 

A = wave-length 
t = stretching force 
m = mass per unit length. 

It is most interesting to stretch the string the whole 
length of the laboratory, since this increases the number 
of segments. 

Typical Results obtained wilJi Experiment : 

Length of string = 818 cm. 

Mass of string = -5289 grams. 

Mass per unit length of string = -0006406 grams per 
cm. length. 


Tenwon in 

28-1 I 

33-1 1 

1 38-1 

43-1 1 48-1 

' 53-1 

btring 

'grms. wt.' 

grins. -B-t. grms. wt. 

prins. wt. grms. wt. grms. wt. 

No. of loops 

1 25 

23 

1 22 

20-25 19-5 

18-25 

Frequency . 

! 99-72 

99-50 

102-2 

100-1 101-7 

1 100-1 
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Length of string = 810 cm. 

Mass of string = -535 grams. 

Mass per unit length of string = -0006605 grams per 
cm. length. 


Tension in 

35 

40 

45 

50 

55 

60 

70 

string . 

g.w. 

g.w. 

g.w. 

g.w. 

g-w. 

g.w. 

g.w. 

No. of loops 

22-76 


20 





Frequency 

101-3 

99-93 

100-9 

101-1 ' 

1 101-8 

102 

102-1 


Average frequency of supply = 101-3. 


Second Method . — A bobbin, B (Pig. 121), is wound with 
1,500 turns of No. 28 D.C.C. wire and fixed in the clamp 
of a retort stand. This winding is joined in series with 
a 60-watt lamp and connected to the A.C. mains. A 
piece of No. 20 soft-iron wire, AD, 2 in. long, 
is hammered out at the ends, and in each 
of the two flat portions so formed a small 
hole is drilled, or the iron may be heated I 
and the holes punched out by a sewing- 
machine needle. A thread, CW (No. 60 
cotton), has a weight attached to its lower 
end and passes through the small holes, D 
and A, as shown, and is then supported at C. 

The iron, AD, is just below the strongest part ^ 
of the magnetic field. When the current ' 
is switched on, there is an upward magnetic 
pull on AD twice every cycle. These im- T“ 
pulses are communicated to the cotton, 
which vibrates in segments. It should be 
noted that this method of generating vibra- ; 

tions is analogous to the so-called longi- 
tudinal arrangement of Melde, so that the ^ 
frequency of vibration of the cotton will be 
equal to that of the supply. In general, 
the length, DW, wiU not be equal to an exact number 
of half wave-lengths, but a forced vibration of small 
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amplitude will usually occur. By moving the iron slider, 
AD, towards W and then slowly raising the thread at C, 
the conditions for maximum amplitude can be found 
and the wave-length for a given load measured. Then 



Results : 

Load =10 grams weight. 

Distance between nodes = 2C-5 cm. 
Length DW = 106 cm. 

Mass per unit length = -00034 grams. 
,n = 101-3 cycles per see. 


142. THE FREQUENCY OP AN ALTERNATING - 
CURRENT SUPPLY 


The following experiment can be carried out easily 
in any laboratory which has an alternating current 
electric supply. A length of about 4 ft. of fairly stout 
iron wdre is clamped firmly at one end, and the other 
end is carried over a small puUcy to a weight carrier by 
means of which the wire is stretched. A large solenoid 
with iron core (the “ choke coil ” often supplied for use 
with an arc-lamp is excellent) is then arranged so that 
the iron core comes to within about J in. of the centre of 
the wire. The current is fed into the solenoid through 
a small resistance (or direct from the main with a large 
choke coil) and the tension of the wire adjusted until 
stationary vibrations are set up. The easiest mode of 
vibration to obtain is that in which the wire vibrates in 
three segments ; perfectly distinct nodes and amplitude 
of at least ) in. at the antinodes are seen. The tension 
is then made nine times what it has been, and the wire 
at once vibrates with larger amplitude in one segment. 
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A length, of the wire is then weighed and the frequency 

obtained from the usual formula n= K\/~. The 

2 1 m 

frequency of the current is then half the value so found for 
n. The experiment works well, and the student will 


learn a good deal in finding the reasons for each of the 
above steps. 


Many variations in the method of conducting the work 
will be apparent. 


143. A SIMPLE FORM OF ALTERNATING- 
CURRENT VOLTMETER 
James Taylor 


A voltmeter for measuring A.C. voltages of from 
10 volts upwards may be constructed in a simple manner. 

An ordinary three-electrode radio valve is taken, and 
the plate and grid are short-circuited (see Fig. 122). The 
plate terminal is connected 


in series with a high resist- 
ance (carbon resistances 
such as are used for wireless 
purposes are suitable), and 
microammeter, as shown. 
The filament, F, is connected 
in series with a battery of 
accumulators of the re- 
quisite specified voltage for 
maintaining the filament 
at the correct functioning 
temperature, while the 
negative end of the battery 
is connected to a terminal. 


A B 



Fio. 122. 


A. If now an alternating voltage is applied to the ter- 
minals A and B, the instrument M registers a current. 
R is usually of the order of a megohm if M is a inicro- 


arameter and A.C. voltages of about 10 to 200 are to be 
measured. 
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The major part of the potential drop at any moment is 
along the resistance, R, of which the value is great com- 
pared with that of the valve ; consequently, the valve acts 
as a very efficient rectifier when used on A.C. voltages. 

The instrument is calibrated on D.C. voltages, and a 
chart is drawn up showing the microammeter readings 
corresponding to given voltages. If the currents in the 
chart are aU halved in value, then the calibration applies 
to A.C. voltages (R.M.S. values). 

If the value of R is suitably chosen, it may be arranged 
to read directly the R.M.S. values of the voltages. The 
scale is open, which is a great advantage, and by having 
a few interchangeable resistances, the range of the 
instrument may be altered at wiU. The calibration is 
also independent of the valve used. This may be re- 
placed at will by another. 

The theory and corrections are given in Journ. Scient. 
Instrs., Vol. Ill, p. 113, 1926, to which reference may be 
made. 


144. A LIQUID CURRENT INTERRUPTER 
M. Finn 

A test-tube, T, preferably of silica glass, in the lower 
end of which a small hole has been made, passes through 
a cork, C, in the centre of the block of wood, W, covering 
the top of the glass or earthenware jar, J. A brass 
terminal clamp, B, is screwed to a wooden cross-piece 
carried by two upright pieces of wood fixed to the block, 
W. A lead rod, L, held in the clamp, B, dips in the test- 
tube. A strip of lead, S, bent in the shape of the letter 
U, and provided with a terminal clamp, is placed in the 
outer vessel, J. Dilute sulphuric acid may be used. 

The strength of the solution is gradually increased by 
slowly adding strong acid until the best effect is produced. 

To keep the liquid cool, the interrupter is placed in a 
pail containing cold water. 
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The larger the hole in the tcst-tuhe, the stronger is the 
current required to exhibit the throttling action. A 
rheostat of about S ohms resistance, to carry about 
10 amps., may with advantage be placed in series with the 
interrupter. The apparatus may be made at a triflhig 
cost and is a very good 
substitute for the Wehn- 
elt break. The action 
of the latter has been 
variously explained, but, 
in the writer’s opinion, 
it is the same as that 
described in connection 
with experiment 127. 

To use the interrupter 
with an ordinary in- 
duction coil, the contact 
breaker is screwed up 
tightly so that it caimot 
vibrate. The primary 
terminals, the interrupter 
and the rheostat are 
connected in series to 
the mains. 

Like the Wehnelt 
break, this inteiTUjjter i-equu’cs a certam inductance in 
the circuit. 

The repulsion of an aluminium or other metal disc or 
ring from the end of a straight-core electromagnet may 
easily be shown by connecting the coil of the electro- 
magnet in series with the interrupter. 

A3mETEBS 

145. AN EASILY MADE HOT-WIRE AMilETER 
G. N. Pingriff 

The construction of this should be sufficiently obvious 
from the sketch. The spring is fixed at the bottom to 
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a wooden bridge, mider which the heated wire passes, and 
at the top to the pointer (a half-metre scale) ; or an 
adjustable head may be used if preferred, this being 


I 

Fio. 124. 



convenient in bringing the pointer to the zero on the scale. 
With constantan wire of No. 22 S.W.G., the instrument 
is suitable for measuring fairly heavy currents, such as 
taken by an arc-lamp, motor or electric heater ; but 
with somewhat finer wire it will, of course, serve for 
smaller currents. 

146. A HOT-WIRE AMIVIETER TO READ TO 0-25 
AMPERE 

17. E. Pearce 

Stretch a piece of copper wire, AB (No. 20 S.W.G.), 
between two stands which are placed on the bench 9 ft. 
apart. From the centre of the wire attach a thread 
which passes around a pulley, P, and then supports a small 
weight, W (1 lb.). Solder a piece of wire to the pulley to 
act as a pointer and fix a protractor to the axis of the 
pulley to act as a scale. The copper wire is connected 
in series with an ammeter and a variable resistance, and 
hence with the mains. Pass the current through the wire 
and note the movement of the pointer owing to the 
expansion of the wire and the pull of the weight on the 
thread. A readable deflection should be obtained with 
I of an ampere. A current of 5 amps, moves the pointer 
to a nearly vertical position, but it should be noted that 
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it takes some time to reach its final reading. When the 
current is cut off, the pointer should return to its zero 



mark. Draw a graph showing the connection between 
the strength of the current and the position of the pointer, 
and use it to fihd the current taken by an arc-lamp or 
a bank of lamps. 


CELLS 

147. A STANDARD CELL OF LOW E.M.F. 

C. B. Darling 

This cell is based on the thermo-electric properties of 
fused bismuth, as explained in a paper read by Messrs. 
Darling and Grace before the Physical Society on Novem- 
ber 24th, 1916. A thermal junction of aluminium and 
bismuth is formed by inserting an aluminium wire into a 
mass of bismuth contained in a special crucible. A silica 
tube, about 30 cm. in length, enters the crucible at a level 
beneath the surface of the bismuth and connects with a 
similar crucible at its other end, the silica tube and second 
crucible bemg fiUed with bismuth. An aluminium wire 
inserted in the bismuth in the second crucible forms the 
cold junction. On heating the first crucible, the E.M.P. 
rises steadily to a value of approximately 15 millivolts, 
which is attained at the melting-point of bismuth (269° C.). 
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Further heating up to nearly 500° eau&es no change in 
E.M.F. ; so that by keeping a Bunsen burner of suitable 
size under the vessel, a steady E.M.F. may be obtained 
indefinitely. 

The uses of such a cell are (1) evaluating deflections on 
galvanometer scales ; (2) measming low E.M.P.S such as 
developed by thermal junctions ; and (3) general pur- 
poses in which a low, steady E.M.F. is needed, and which 
otherwise has to be obtained from a voltaic cell by the use 
of a potentiometer arrangement. 


148. A SBIPLE FORM OF WESTON STANDARD 

CELL 

S. B. Humby 

The E.M.F. should be within -0002 volts of an N.P.L. 
standard and the internal resistance is about 1 ,000 ohms. 

A = amalgam of mercuiy and 
cadmium (12-5 per cent, 
cadmium). 

B = crystals of cadmium sul- 
phate. 

C = satmated solution of cad- 
mium sulphate. 

D = paste of mercui’ous and 
cadmium sulphates and 
mercury. 

E = mercury. 

F = platinum or iron-wire elec- 
trodes. 

G = cork. 

K = sealing-wax. 

Fio. 126. L = glass capillary air vent. 

M = air space. 

N = glass tubing, 2 in. long, 1 J in. diameter. 

P = glass tubing, 1 ^ in. long, \ in. diameter. 
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149. TO DEMONSTRATE THE 
BACK E.M.F. WHICH PRO- 
DUCES “POLARISATION” IN 
A CELL 
S. B. Humby 

Two carbon rods, C, are placed in 
dilute sulphuric acid and connected 
as shown through a switch either to 
the 2-volt battery, B, or the flash 
lamp, F. 

When the battery is switched on, Fia. 127. 

gases are set free at the electrodes, 
and a back E.M.F. is set up. This will light the lamp 
for a few seconds when the switch to the lamp is closed. 

C0NDMN8EES 

150. SPECIFIC INDUCTIVE CAPACITY 
E. Nightingale 

A moving-coil ballistic galvanometer, G, is connected, 
as in the diagram, to one end of a 
change-over switch, A. The other end 
of the switch is connected to either 
240-volt D.C. mains or to a 120-240- 
volt dry battery which stands on wax 
to ensure good insulation. The middle 
terminals of the switch are connected 
to a good wireless air condenser. An 
ex-army condenser is admirable for 
the experiment. The lamp, L, is in- 
serted in the main circuit for safety. 
A is made of wax or ebonite or of 
sulphur-paraffin-wax. To eliminate 
“ creep,” the wires must be kept off 
the bench and the condenser must 
stand on an insulator. 
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First charge the condenser hy rocking the switch 
towards S, and then discharge through the condenser 
by rocking towards C. Do this two or three times for 
several settings of the condenser capacity. After each 



discharge, bring the galvanometer to rest by short- 
circuiting it through key, K. 

Now fill the condenser with parafiin oil and repeat the 
experiment. Owing to the increase in specific inductive 
capacity, the readings are greater than before. Plot 
graphs showing the “ kick ” of the galvanometer against 
the marked capacity. These do not pass through the zero 


DIRECT-CUREENT SUPPLY 


179 


of capacity, but through a point A (see graph). OA is 
evidently the capacity of the leads to the condenser. 
The graphs shown were obtained with an ex-army con- 
denser, and from them the specific inductive capacity is 
found. It is the ratio 

Slope of graph for liquid dielectric 
Slope of graph for air dielectric. 

The graphs shown give for petroleum 2-3 and for tur- 
pentine 2-1. The time of charge was 1 sec. in each case. 

Warning . — ^Do not fill an alu min iu m -vane condenser 
with alcohol. This acts chemically on aluminium. 


DIRECT CURRENT 

151. A SMALL MOTOR GENERATING SET 
W. E. Pearce 

The number of schools capable of obtaining direct 
current from the mains is rapidly decreasing, and with the 



advent of the “ Grid ” system, most laboratories will be 
faced with the problem of converting A.C. to D.C. In my 
present laboratory, a small motor generator, obtained from 
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the Crypto Electrical Co., Ltd., Acton Lane, Willesden, 
X.W.IO, has been u-sed for over ten years nith highly 
satisfactory results. The machine needs rery little 
attention ; in fact, durhig the above period, the only 
adjustment we have made is the altering of the setting 
of the carbon brushes on one occasion. On infrequent 
occasions the oil cups are filled. The cost of the machine 
to-day (1931) is £24 10a., and we incurred no expense in 
fixing it. 

The machine consists of an A.C. motor and a D.C. 
djmamo running on the same shaft. The A.C. motor is 
of the squirrel-cage induction type, which is absolutely the 

most simple form of 
motor extant. On a 
single-phase supply, 
only two leads are 
necessary from the 
mains, and a suitable 
+ LJ f Sj starting-switch is 

mounted with the 
motor. When order- 
ing, it is necessary 
Fjo, i 3 i_ to state voltage, fre- 

quencj' and phase of 
supply. For single-phase the motor is provided with a 
starting and miming winding, and all that is necessary 
to start the machine is for the starting coil to be put 
in circuit for a few seconds until the machine runs 
practically up to speed, when it is switched over to the 
running coils. 

The dynamo is shunt wound and is provided with three 
terminals, marked A (armature), F (field) and L (fine), 
as in the figure. If F and L are joined directly, the 
machine generates its maximum voltage, which, in our 
case, is 30 volts. If F and L are disconnected, the 
machine generates 1 to 2 volts due to residual 
magnetism. By placing a variable resistance, R, between 
these terminals, we can thus generate anything between 
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1 and 30 volts. The armature is wound to carry 7 
amps. The machine makes very little noise when 
running, and if allowed to rest on a thick sheet of 
rubber does not interfere with teaching carried on in the 
same laboratory. Two or three inches of sawdust would 
possibly answer even better as a silencer. For class pur- 
poses, a 6-amp. fuse inserted in the circuit will effectively 
prevent the burning out of the armature by carelessness. 

The machine is used for the following purposes : 

(а) Charging Accumulators . — The diagram illustrates 
the necessary connections. The machine is admirably 
adapted for this purpose, since by means of the field- 
regulating resistance, we can vary the voltage generated 
and so dispense with a charging resistance. This method 
is economical, since we do not pay for the heat which 
would be developed in the latter resistance. 

(б) Demonstrations . — Much time is saved, for per- 
manent leads are run from the dynamo to the lecture 
bench, so that any voltage up to 30 volts is always 
instantly available. Moreover, with such a supply, 
demonstrations always seem to “ work.” 

(c) Class Use. — A cable is run out from the dynamo and 
sub-switches made for each group. This is easily done 
by the boys. The voltage at each point is easily regulated, 
and a fuse at each switch prevents a careless boy stopping 
the work of the class. He merely pays the penalty for 
carelessness himself. If preferred, the cable could be run 
off a battery of accumulators. 

The machine itself forms the basis of a number of 
experiments. The older boys are very keen about these, 
for they seem more practical than the usual laboratory 
experiments. The following are typical of the experi- 
ments that may be carried out : 

(i) Resistance of armature. 

This is a problem of finding a low resistance, and can 
be done by : 

(а) Ammeter and milli- voltmeter. 

(б) Potentiometer method. 
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The brushes must be insulated from the armature, and 
some means adopted of making efficient contact mth the 
commutator strips. One method is to fix a gramophone 
needle into a connector joined to a lead. The needle is 
pressed hard into the commutator strip. 

(ii) Resistance of fieJd coils. 

(iii) Heating of field coils. 

The resistance of the field coils is found before the 
machine has been used, and then it is allowed to charge 
accumulators for five to six hours. The load is taken ofi, 
the machine is stopped and the resistance again found. 
Assuming the temperature coefficient, the rise in tem- 
perature can be found. 

(iv) Variaiion of voltage with resistance of field circuit. 

(v) Variation of voltage with load. 

(vi) Efficiency of machine under various loads. 

(vii) To set up a circuit for charging accumulators. 

(viii) To find the speed of the motor. 

The most usual method is by using a revolution counter, 
hut the following is not without interest. 

Neon Lamp Method. — Cut out a circular disc of white 
cardboard and draw a radius. Thicken this with Indian 
ink until it is J in. thick. Enlarge the central hole of 
a wooden bobbin (e.g. one of those on which wire is sold) 
until it is a tight fit on the shaft of the motor. Pin the 
cardboard disc to the reel and start the motor. View 
the disc by the light of a neon lamp connected with the 
A.C. mains. In the case of the present machine, the black 
line looks like three radii of 120 degrees, and these all 
appear to rotate slowly in an anti-clockwise direction. 
By finding the time of an apparent rotation of a line and 
knowing the frequency of the mains, the speed of the 
motor can be calculated from the formula — 

N = — -, where N = Number of revs, per sec. 

3 t 

and t = Time for an apparent revo- 
lution of the radius. 

(ix) To find the B.E.P. of the motor. 
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The wire reel used in the last experiment can be used 
as a pulley, and a band looped over it in the usual way. 

152. ELECTRICAL EXPERIMENTS USING D.C. 

MAINS 
E. Nightingale 

By means of a set of lamp boards of the type shown 
diagrammatically in Eig. 132, a whole class can use the 
supply mains for experiments. The “ Lico ” series 


Mama 


Far Expt. (1) 




Fig. 132. 




switch, S, enables an ammeter with a pinch plug to be 
inserted without breaking the circuit, and this makes it 
possible for several sets to use the same ammeter in tmn. 

Currents of various values are obtained by using 
different kinds of lamps in the holders. For small cur- 
rents, neon lamps may bo used, and for larger currents, 
metal and carbon filament lamps and radiator lamps arc 
useful. 

Possible experiments include the following : 

(1) Resistances of lamps. (Given the voltage of the 
mains.) 

(2) Resistances and sjiecific resistances of wire by 
voltmeter-ammeter method. 
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(3) Laws of electrolysis. 

(4) E.C.E. of metallie ions (e.g. Cu and Ni). 

{ 5 ) Reduction factor of a tangent galvanometer 
(current read on ammeter). 

(6) Finding J.” 

(7) Solenoid experiments. 

(8) Plotting lines of force about a straight wire and 
about a coil. 

(9) Potentiometer principle. (Not, of course, with 
extreme accuracy.) 

(10) Calibration of ammeter by comparison ndth 
standard. 

(11) Calibration of galvanometer to read amperes. 

(12) PuU of electromagnet. 

The base-board is obtainable from any electrician, 
as arc the holders. 

ELECTROSCOPES 
153. SIMPLE ELECTROSCOPE 
Rev, W. Burton 

This consists of a rectangular box of tinned iron or 

brass, with glass win- 
dows back and front. 
The glass windows are 
2 in. apart, and are 
simply the cover 
glasses of lantern 
slides. The insulation 
is a piece of candle 
with the wick re- 
moved, which fits into 
a short tube, 2 X | in. 
diameter, soldered on 
to the top of the box 
over a circular open- 
ing in it i in. in dia- 
Fig. 133. meter. A 3-in. length 




ELECTROSCOPES 


185 


of screwed rod (2 B.A.) is screwed through the candle. 
The cap of the electroscope is a disc of metal, IJ in. in 
diameter, to the under side of which a 2 B.A. brass nut 
is soldered, and the plate to which the leaf is attached 
is a rectangular plate of metal, to the upper edge of 
which another 2 B.A. nut is soldered. If the insulation 
of the wax deteriorates, the upper layer of wax can be 
scraped off, or heated hy passing the Bunsen flame over 
it. The rod can be prevented from slipping through the 
candle by screwing a nut on to the middle of the rod and 
sinMng the nut into the wax. The electroscopes can be 
made in a school workshop. 

154. ALUMINIUM-LEAP ELECTROSCOPE 
S. B. Humby 

Small aluminium-leaf electroscopes are found to give 
quite good results in simple 
quantitative measurements, 
and hold their charge with- 
out appreciable loss for over 
an hour. Deflections of the 
leaf (2 X i in.) are read 
with reference to a piece of 
squared paper cut to shape. 

Leaf electroscopes are 
more easily read if very 
light pointers are attached 
to the aluminium leaf. To 
make the pointers, use a 
fibre of glass wool, or heat 
the middle part of 6 in. of 
thin glass tubing until it 
is very soft, and pull out 
quickly. The glass fibre so 
produced can be obtained 
so thin that it does not much affect the sensitiveness 
of the I instrument when 1 in. of straight fibre is 
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attached to the leaf by using a trace of shellac or other 
adhesive. 

In addition to the advantage of having a pointer on the 
leaf, the glass fibre keeps the leaf quite flat and rigid. 

The scale readings are approximately proportional to 
the difference of voltage between the leaf and the case. 
It is sometimes convenient to calibrate the instrument as 
a voltmeter by joining the terminals of a high-tension 
battery, or of the electric-light mains, to the leaf and to 
the case ; 200 volts should give a J-in. deflection of the 
leaf. 

The capacity of other small insulated conductors can 
be tested relative to that of the electroscope by noting 
the deflections before and after the electroscope has been 
touched with the insulated conductor. 

155. A SENSITIVE GOLD-LEAF ELECTROSCOPE 
M. Finn 


In the instrument shoAvn in Fig. 135, the case is made of 
tinned iron or brass and is about 5X5X8 cm. high, 
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with a window at one end and an adjustable lens at the 
opposite end. The hole at the top of the case is about 
4 cm. diameter, and 
is fitted with a cork 
for the leaf support. 

The latter consists 
of a thin brass tube 
with a terminal 
soldered on at the 
top and a strip of 
brass at the bottom. 

Eor insulation, a 
sulphur plug is cast 
round the middle of 
the leaf support. 

The gold leaf, about 
2 cm. long and about 
2 mm . wide, is 
attached with the 
merest trace of gum 
to the brass strip. 

Opposite the leaf, in 
the side of the case, 
is a vertical brass 
plate supported on 
the end of a horizon- 
tal screw, by means 
of which the distance 
(and the potential 
gradient) between 
the leaf and the plate 
can be adjusted. 

When the plate is 
very near the leaf, 
a noticeable deflec- 
tion will be obtained 
with a couple of volts only, owing to the large potential 
gradient. 
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In the ordinary use of the instrument, care must be 
taken that the distance between the movable plate and 
the leaf support shall be just greater than the length of 
the leaf. To obtain the proper distance, hold the electro- 
scope with the movable plate horizontal and turn the 
screw till the leaf is just clear of the plate. If a 100-watt 
gas-filled lamp be placed in front of the window, and 
the image of the leaf be focused on a screen of squared 
paper placed in front of the lens, “ deflections ” of the 
tip of the leaf can be accurately observed. 

To calibrate the Gold-leaf Electroscope. — board of ten 
lamp-holders in series is taken ; lamps of equal candle 
powers, and therefore of approximately equal resistances, 
are inserted, and a current is passed. The voltage across 
E 

each lamp is — , where E is the voltage of the mains. 

^E 

Similarly, the voltage across two lamps is etc. 

The gold-leaf electroscope is provided with a focusing 
lens, and a gas-filled lamp is used to illuminate the leaf. 
The lens is adjusted until the shadow of the leaf is clearly 
defined on the scale of squared paper, S. The case of the 
gold-leaf electroscope is connected to the first terminal, 
A, and the leaf system is connected in turn to B, C, D 
. . . I ; each time the deflection is read off on the scale 
and the voltage noted. 

156. AN ELECTROSCOPE FOR THE LECTURE 

TABLE 

F. A. Meier 

Description of Instrument. — ^Two ebonite caps, carrying 
lenses of focal lengths 5 cm. and 4 cm. respectively, 
fit into the ends of some telescopic brass tubing. The 
cap C 2 fits on to the inner tubing so that it can be used 
for focusing. A narrow strip of gold leaf, G (1 J cm. X 
1 mm.), is attached to a brass rod which has either been 
filed or hammered flat at the end. 
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The lens has the same function as the condenser of 
a lantern, whilst the lens throws a magnified image on 
to the screen placed about 2 ft. distant. The lenses are 
held in position by two rings of stout brass wire, R. 

Even in daylight (direct sunlight being excluded), a 
clear magnified image of the gold leaf may be obtained as 







r” 

L_i 



Fig. 137. 


large as 6 in., and is easily seen by the whole class. The 
leaf moves over a graduated scale. The capacity of the 
instrument is very small and negligible in comparison 
with most capacities used in the lecture room. The heat 
from the condenser keeps the instrument dry, and even 
on wet days, after a few minutes, the instrument is in 
good working order and will retain its charge for horns 
without alteration. One hundred volts give a deflection 
of about 20 degrees. 
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ELECTROSTATICS 

157. ELECTROSTATIC APPARATUS WITH 
SULPHUR INSULATION 
S. R. Humby 

Sulphur has very high insulating power, even in damp 
weather, and the material can be moulded and worked 
without difficulty. The apparatus made has been used 
successfully with a first-year course, and it is found 
that simple electrostatics experiments can then be done 
by the hoys themselves. 

Attention should be paid to the following practical 
details. Heat roll sulphur gently, and do not raise the 
temperature much above the melting-point. Moulds of 
wood or paper can be used. They must be really dry. 
The sulphur can be cut, filed or sawn quite easily if this 
is done directly after it has set and before it has cooled. 

A circular sandwich (baking) tin, 8 x ^ in. deep, filled 
with sulphur, makes an excellent insulating disc for an 
electrophorus. If the sulphur is taken out and replaced 
upside down, a very smooth surface is obtained. Small 
discs of sulphur, cast in shallow lids of tins, make good 
insulating stands. 

Insulating handles for conductors are best made from 
ebonite rod, which will stand rough treatment. 

158. SULPHUR-PARAEEIN-WAX INSULATION 
E. Nightingale 

The following insulating material is easily prepared. 

Melt some wax in a tin and, when well above the 
melting-point, remove the flame. Stir in fine flowers of 
sulphur until the mixture is lumpy. This gives about 
60/40 sulphur-wax. It should be immediately trans- 
ferred to casting cases, or it may be worked into a hole 
in a cork with a knife. If too hot, the wax separates out. 
A little practice is necessary to get the best results. 
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Home-made electroscopes in which the gold leaves are 
insulated with this material will keep a charge for twenty- 
four hours. An electrophorus disc was made by heating 
the material in a baking tin and allowing to set. After 
rubbing with flannel, big sparks were obtained from the 
metal disc. The apparatus was put away with the disc 
on the cake. On being taken out a few days later, the 
disc gave strong sparks without the cake being rubbed. 

The material is believed to be much better than ebonite 
or sulphur in regard to insulating properties. 


159. POSITIVE ELECTRIFICATION 
S.S.R., (VIII) 29 

Cork is a handy substitute for silk for providing (with 
a glass rod) a soui’ce of positive electricity. The glass rod 
is positively charged after a few passages through a hole 
in a bark cork just large enough to admit it. The cork 
seems more efficient than silk. The same style of cork 
rubber charges ebonite negatively. 


160. CHARGING AN ELECTROSCOPE FROM A 
FLAME 
S. F. Dufton 

The presence of changed particles in the flame and its 
products of combustion, inferred from the familiar dis- 
charging of electrified bodies by a flame, may be readUy 
shown by placing a flame between an electroscope and a 
charged rod. On bringing up the rod, the electroscope 
is permanently charged with electricity of the same sign 
as that on the rod. 

The flame must be insulated ; if a candle is used, it 
should be placed on a parafiin block, or the lower end of 
the wick should be removed ; otherwise the wick, being 
a fairly good conductor, provides an easier path for the 
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repelled electricity, which then escapes without being 
projected on to the electroscope. 

161. THE LIGHTNING CONDUCTOR 
S. A. Dyment 

A discussion of the action of the lightning conductor 
invariably raises the question, “ How do clouds become 
electrified ? ” It is accepted, I believe, that the electri- 
fication associated with evaporation is among the possible 
sources, and the following experiment is worth showing. 
The idea is not entirely new. A small piece of metal is 
heated and placed in a tray (tin M) on a gold-leaf electro- 
scope, A. When tap water is allowed to drip on to this, 
the evaporation is accompanied by a divergence of the 



leaves. The effect is greatly increased by using a dilute 
solution of some salt ; common salt was the most effective 
of those tried. In almost every case the gold-leaf electro- 
scope is charged negatively, and if the vapour is “ caught ” 
by a plate connected to another electroscope, B, this 
latter acquires a positive charge. Any moderately 
sensitive electroscopes will serve, but they should be tried 
beforehand. A small iron cylinder was used, heated to 
much less than red-heat ; if the evaporation is too 
vigorous, the effect is often obscured. 

The intended action of the conductor itself can be 
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shown by attaching a long stiff wire, ending in a brush of 
liner wire, to a gold-leaf electroscope. When a charged 
ebonite rod is passed to and fro quite near to the brush, 
the electroscope acquhes a charge similar to that on the 
rod, indicating an escape from the brush. A diminution 
of the charge on the rod can be shown by noting, before 
and after, the distances from a second electroscope at 
which it produces an equal divergence. 

ELECTROMAGNETIC INDUCTION 

162. TO SHOW THE PRODUCTION OP INDUCED 
CURRENTS 
W. E. Pearce 

Connect a coil, P, consisting of 100 turns of copper wire, 
in circuit with an ammeter, a regulating resistance and 
the A.C. mains. It is better if the coil has a sliding contact 
so that the number of turns used may be varied. The 
old-fashioned type of wireless aerial coil does excellently. 
Connect a similar coil, S, directly with a telephone receiver 



or loud speaker and pass 1-2 amps, through P. Note 
that the phone emits a musical note corresponding to the 
frequency of supply, and study the variation in loudness 
as the number of turns on both primary and secondary 
are varied and also as the distance between them is 
altered. If an iron rod from a retort stand is placed 
through the centre of each coil, the enhanced effect is 
remarkable. If a phone is not available, a 2-volt torch 
bulb may be used instead. 

1—14 
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163. HEAT PRODUCED BY EDDY CURRENTS 

AND BY HYSTERESIS 
W. E. Pearce 

Wind a test-tube of 1 in. diameter with 100 turns of 
No. 20 D.C.C. wire. The coil thus made should be about 
1 in. long and should be placed as near the bottom of 
the test-tube as possible. EiU the test-tube with steel 
ball-bearings until they are level with the top of the coil. 
Place a thermometer with its bulb in the ball-bearings and 
then pour in sufficient water to cover both. Pass a cmTent 
of 5 amps. A.C. through the cod and note the rise in 
temperature in 5 mins. Allow the apparatus to return to 
room temperature and then pass 5 amps, direct current 
through the coil, and again take the rise of temperatm-e 
in 6 mins. 

Results : 

I. Current = 6 amps. A.C. 

Rise in temperature in 5 mins. = 10-1° C. 

II. Current = 5 amps. D.C. 

Rise in temperature in 5 mins. = 8-8° C. 

FUSES 

164. FUSING CURRENTS FOR VARIOUS WIRES 

W. E. Pearce 

Alternating current lends itself admirably to the 
demonstration of visible effects to boys who are taking a 
course of electricity for the first time and for whom the 
experiments are qualitative rather than quantitative. 
The following experiment is of this nature. Since cur- 
rents up to 5 amps, are required, a preliminary precaution 
is to see that the fuse governing the supply to the labor- 
atory is really suitable, or alternatively, a step-down 
transformer may be employed. The resistance of any 
one of the pieces of apparatus is low, so that 12 volts will 
be ample, and if the transformer is suitably wound, a 
current of 20 amps, could be used if desired. 
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Connect in series with the mains an A.C. ammeter, a 
regulating variable resistance and the wire under test. 
The latter should be stretched tightly between two 
supports about 3 ft. apart. The current should be slowly 
increased, and observations made of any change noticed 
in the condition of the wire. 


Typioai. Bbsults 


"Wire, 

Cunrent. 

1 Note. 

Iron Wire 

No. 22 S.W.G. 

2 amperes 

3 amperes 
ampdres 

6 amperes 

Saggmg of wire showing expansion. 
Dull red colour. 

White hot. 

Fusion with a shower of sparks. 

Copper Wire 

No. 38 D.C.C. 

1 ampere 

2 amperes 

6 amperes 

Drying of insulation. 

Insulation smoulders. 

Fusion. 

“ 6-Ampere Fuse 
Wire” 

2 amperes 

4 amperes 

6 ampdres 

No apparent result. 

Sagging of wire. 

Sudden melting of wire without 
sparks. 


In the case of iron wire, the ammeter should be closely 
observed. For a particular case, the regulating resistance 
was reduced and the current rose rapidly to 5J amps, 
without fusion taking place, but as the temperature of the 
wire increased, the current fell to 4^ amps. It required 
a very large reduction in the resistance of the circuit 
to produce a permanent current of 5 amps. This large 
temperature coefficient explains the use of iron wire in 
“ baretters.” These are often used to prevent the current 
in valve filaments exceeding certain values. 

GALVANOMETERS 

165. GALVANOMETER LAMP 

D. G, A. Dyson 

This is made of a square tube of three-ply wood, open at 
one end, and cut at an angle of 45° at the other in order 
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to take a plane mirror, which deflects the light from the 
lamp through a short focus (about 7 cm.) condensing 
lens, pro Added with a vertical wii'e. The advantage of 
introducing the mirror is that the tube, as a result, lies 
along the top of the screen, thus being more compact. 
The tube has tAvo telephone terminals fixed as shown, and 

through these passes 
a -J-in. brass rod, each 
end of which has been 
tapped to take a ter- 
minal (the shaft of 
which has been 
removed), which is 
locked on securely by 
a nut ; care should be 
taken here to obtain 
terminals in which the 
shaft is simply screwed 
into the body of the 
terminal — ^in the case 
of some types the 
whole terminal, shaft and all, is tui’ned from a solid piece 
of metal. These terminals slide on vertical brass rods 
fixed to the back of the screen. Adjustment in a vertical 
direction is thus provided ; while the horizontal rod 
allows the lamp to be tilted or slid along horizontally. 
The second figure shows a convenient method of fixing 
the mirror by a thin sheet brass spring, which allows it to 
be removed easily for cleaning. The iUuminant is a 2- 
or 4-volt spot-light bulb ; there are many different makes 
of these on the market, and a type should be chosen 
which has as small a filament as possible, so that the 
condensing lens may focus the complete filament on the 
concave galvanometer mirror, in order that a maximum 
of light may be used. To seeme as bright a spot of light 
as possible, a fairly wide aperture lens should be used, and 
it is easy to choose one which will give a spot of light 
easily seen in very slightly subdued daylight, as by 



Fig. 140. 
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simply shading the screen from direct window light. The 
bulb may be mounted in the ordinary miniature holder 
on a small block, fitting so as to slide for focusing. 

166. LAMP AND SCALE EOR GALVANOMETER 

Sev. W. Burton 

The hd of a Cerebos salt tin (or a cocoa tin) has a hole 
punched in it and is placed upside down on a block of 
wood, which is also 
bored through. The 
support of a straight 
filament electric lamp 
is screwed on the 
block above the lid, 
the leads passing 
through the block to 
the town supply. The 
can has a rather wide 
slit cut in one side so 
that the filament can 
be seen when the can 
is fitted into the lid. 

The filament can be 
focused on a scale at- 
tached to the front of 
the block. The block 
is supported on the ring of a retort stand, to which it can 
be firmly fixed by a couple of screws or staples. 

MOTOR 

167. A MODEL MOTOR MADE OUT OF LABORA- 
TORY MATERIALS IN HALF AN HOUR 

ff. G. F. Micldewriglit 

The armature consists of about 4 yd. of No. 30 D.C.C. 
copper wire, wound longitudinally on a large cork. The 
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commutator is made by bending two pieces of thin copper 
foU round a small cork, the ends of the foil being bent 
into slits cut in the cork. The bared ends of the armature 
wire are pushed under the foil. The corks are then 



Fig. 142. 

mounted on a knitting needle, the ends of which rest 
against the closed ends of two short pieces of glass tubing. 
The brushes consist of two pieces of thin copper wire, 
which are attached to a 4-volt battery, lightly held against 
the commutator. The field is provided by bar magnets 
supported above and below the armature ; four to six 
magnets are usually sufficient. 


NEON LAMPS 

168. THE NEON LAMP 
James Taylor 

The type of lamp suitable for the following experiments 
is a familiar commercial article obtainable at a small cost. 
The lamps comprise two electrodes of iron, enclosed in a 
bulb filled with neon (containing about 20 per cent, 
helium and a little hydrogen) at a pressure of about 
10 mm. of mercury. The electrodes are of very varied 
forms, ranging from those with “ beehive ” or “ star- 
shaped ” cathodes, which are used as night lights, to the 
forms with “ letter ” cathodes, employed for illuminated 
signs. The anode in the letter type comprises a short iron 
rod situated behind the cathode. In the “ beehive ” type, 
the anode is an iron disc placed within and at the base of 
the “ beehive.” 
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169. THE NEGATIVE GLOW AND CROOKES’ DARK 

SPACE 

James Taylor 

A neon lamp, preferably of the “ letter ” type, operated 
on a direct current mains supply of 200 volts or more, in 
an ordinary lamp socket, exhibits some of the important 
features of the electric discharge in gases. The lamp 
should be placed in the socket so that the “letter” 
electrode is illuminated. This is then the cathode of the 
discharge tube. It is completely covered with an orange- 
yellow glow, called the “ negative glow.” If the cathode 
is examined in section, it will be seen that the cathode 
glow is separated from the cathode surface by a sharp 
distinct layer, which is dark relative to the glow. This 
is the well-known Crookes’ Dark Space. Between the 
negative glow and the anode there is another dark space, 
the so-called Faraday Dark Space. In some few tubes a 
faint glow is discernible on the anode or small electrode. 
This is the “ anode glow.” 

If the lamp is now reversed in its socket, it will be seen 
that the glow becomes confined to the small electrode, 
which is now cathode. 


170. TO DISTINGUISH BETWEEN DIRECT AND 
ALTERNATING POTENTIALS 

James Taylor 

The nature of the lamp lends itself immediately to the 
distinguishing of the polarity of the terminals of a D.C. 
supply of the value of about 200 volts or more. If the 
lamp is connected across the terminals of the supply, the 
negative terminal is immediately indicated by the fact 
that the negative glow occurs only on the electrode which 
is connected to the negative supply terminal. The con- 
nections from electrodes to contact lugs may be deter- 
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mined once and for all on a voltage supply of known 
polarity. 

Further, a neon lamp may be used to find out whether 
an electric supply is D.G. or A.C. The lamp is connected 
to the supply ; if there is a glow on both electrodes, then 
the supply must be alternating current. 


171. TO MEASURE THE CURRENT CONSUMPTION 
OF A NEON LAMP 
James Taylor 

A milli-ammeter should be placed in one of the leads of 
the circuit of the neon lamp. It will show a current of 
about 20 milli-amperes on a D.C. voltage of from 200 to 
250. This small current consumption is not primarily a 
property of the neon tube itself, but is due to a “ ballast- 
ing ” or controlling resistance of some thousands of ohms, 
concealed in the lamp cap. 


172. TO REMOVE THE “BALLASTING” 
RESISTANCE 
James Taylor 

The solder of the contact lugs on the lamp cap may be 
removed by a heated soldering iron, and the lead-in wires 
freed. The bayonet catches in the brass cap are readily 
pulled out by small pliers, and the holes enlarged. The 
brass cap may then be cut off with scissors or tom off by 
pliers, leaving the ballasting resistance exposed. The 
resistance is easily removed, and the freed lead-in wires 
may then be soldered to extra insulated wire leads, or the 
lamp may be mounted into a brass cap taken from a 
worn-out electric lamp. The resistance is made of fine 
resistance wire wound on to a red-fibre strip. If mounted 
upon a small ebonite base with terminals, it forms a very 
serviceable I’csistance for general purposes. 
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173. THE SPARKING POTENTIAL 
James Taylor 

The neon tube must now be connected to a direct 
current source of potential, which may be gradually 
raised in value (for example, by a rheostat potentiometer 
on 200 D.C. mains, see Fig. 143, where the voltage from 
the potentiometer is indicated by 
E), and a variable resistance of a 
few hundreds of ohms (one of the 
sliding contact resistances wound 
on a porcelain former is suitable). 

A voltmeter should be connected 
across the potentiometer to 
measure the potential applied to 
the lamp. 

When the potential applied to Fio- 1^3. 

the lamp is gradually increased 

from a low value, it is found that as soon as the voltage 
attains a certain critical value, a discharge passes and 
the lamp begins to glow. This potential at which the 
discharge is initiated is definite and constant for a given 
lamp and is called the “ sparking potential.” The posses- 
sion of a sparking potential is a property of all forms of 
discharge tubes. 



174. THE EXTINCTION POTENTIAL 
James Taylor 

If now the voltage across the lamp is gradually dimin- 
ished, the discharge persists, but the intensity of the glow 
progressively diminishes, and at a definite potential, 
usually of the order of 30 volts less than the sparking 
potential, the discharge abruptly ceases. This “ extinc- 
tion potential ” is also a general property of discharge 
tubes. 
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175. TO SHOW THAT VERY MINUTE CURRENTS 
ARE SUFFICIENT TO iLUKE NEON GAS 
GLOW 

James Taylor 

A neon tube from which the ballasting resistance has 
been removed is connected in series with a variable high re- 
sistance, and a micro-ammeter or other sensitive current 
measuring instrument to the D.C. mains (voltage greater 
than 200). The resistance may be formed by a pencil line 
on ebonite, if other forms are not available, and may be 
varied by rubbing on more graplnte or removing some 
from the ebonite. An excellent, though somewhat more 
complicated, high resistance is provided by a wireless 
three-electrode valve with batterj^ and filament rheostat, 
the plate and grid terminals being joined. The resistance 
between the plate-grid terminal and the filament may be 
varied by variation of the filament heating current, and may 
be used as a current control for a neon lamp circuit, though 
it must be pointed out that it is not of the same nature as 
an ordinary resistance and is not subject to Ohm’s Law. 

Other suitable resistances are readily available in the 
form of the high resistances of variable type so familiar 
to all wireless enthusiasts. 

The neon lamp should be shielded from aU external 
illumination, or viewed in a dark room, and the resistance 
in the circuit be increased progressively until the glow is 
just visible. It is found that the glow is stUl visible with 
a current of only one millionth of an ampere flowing. 
Indeed, in certain neon discharge tubes, the glow is easily 
seen at current densities of as little as 10~’ amps, per cm®. 

It is evident, then, that there is practically no limit to 
the smallness of the current which will cause neon gas to 
glow, but there is a very definite lower limit to the poten- 
tial across the electrodes which, for very small circuits, 
cannot be made much less than the sparking potential 
value, namely, of the order of 160 volts, for a glow dia- 
oharge to occur. 
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176. TO STUDY THE NATURE OP THE DISCHARGE 
AT DIFFERENT CURRENT VALUES 

James Taylor 

The practical arrangement described in the last experi- 
ment may be used for the present purpose. Commencing 
with the circuit resistance of a very high value (tens of 
megohms), the glow of the discharge wiU he seen to be 
principally on the anode and in its vicinity. This dis- 
charge with currents of a few micro-amperes is the 
“ corona ” type of discharge, and shows the type obtained 
before the discharge has built up to large current values. 

The current is gradually increased by decreasing the 
circuit resistance. It will be seen that the maximum of 
brightness of the discharge increases in thickness and 
extends towards the cathode. A negative glow is being 
built up. With further increase of the current, the dis- 
charge usually alters discontinuously into a small crescent 
of negative glow upon the cathode. In this region the 
discharge usually becomes intermittent with an audio 
frequency, which can be detected if a pair of earphones is 
included in the circuit. With further increase of current 
by decrease of resistance, the discharge assumes the 
normal form, and the voltage across the tube falls to the 
“ extinction ” value, but only a part of the electrode is 
covered with glow. (The micro -ammeter must, of course, 
be removed before this point and replaced by a less sensi- 
tive instrument, if current records are required.) 

As the resistance in the circuit is further reduced, the 
area of the electrode covered by the glow increases in 
direct proportion to the increase in the current, but the 
voltage across the tube remains constant at the “ extinc- 
tion ” value. 

When all the cathode is covered by negative glow, 
further reduction of the resistance in the circuit brings 
about an increase of emrent through the lamp, and an 
intensifying of the glow takes place. This is the region 
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of “ abnormal ” cathode fall. The voltage across the 
neon lamp increases as the current increases, and the dis- 
charge becomes brighter and still brighter whilst the glass 
walls of the bulb fluoresce. The electrodes of the lamp 
are heavily bombarded by the electrons and ions of the 
discharge, with the result that they heat up. If the 
supply voltage is high enough, they become red hot. At 
this point the glow often begins to change from the orange- 
yellow type of the normal lamp to a bluish colour. The 
lamp Li jiermanently altered, and hereafter will always 
require a higher potential to drive it, and the colour of 
the discharge wifl be permanently changed. 

At these higher currents the violence of the cathodic 
bombardment produces a spluttering of the metal of 
the cathode and a consequent deposit of a metallic film 
on the glass walls and, finally, in the limit an are is struck 
across the tube electrodes and the lamp is destroj'ed. 


177. TO ILLQSTRATE THE CURRENT RECTIFYING 
PROPERTIES OF DISCHARGE TUBES 
James Taylor 

The current through a discharge tube is normally 
proportional to the area of the negative glow. Now in 
most forms of neon lamps, esi>ecially those supplied com- 
mercially in England, the area of one electrode is con- 
siderably less than that of the other, and the lamp exhibits 
a pronounced unilateral conductivity. Letter lamps 
which have small anodes are the best tj’pe of lamp for 
illustrating this property. If an alternating source of 
potential be put across the lamp electrodes in series with a 
milh-ammeter. the current when the electrode of large area 
is the negative electrode, is much greater than the current 
when the electrode of small area is the negative electrode, 
and partial rectification is obtained, as is shown by the 
mUli-ammeter registering a current. 
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178. TO MAINTAIN A CONSTANT POTENTIAL BY 

USE OF A NEON LAIMP 
James Taylor 

It has been shown in a previous experiment that, 
provided the area of the cathode is not complete^ filled 
with negative glow, the voltage across the lamp terminals 
remains constant. This constant voltage maj' be utilised 
for electrostatic experiments, such as charging up a con- 
denser or electrostatic voltmeter. (It cannot, of course, 
be used for purposes which require more than a minute 
quantity of energy.) The method can also be used for 
the subtraction of a constant voltage from a source of high 
potential. 

179. STABILISING THE CONSTANTS OF NEON 

LAMPS 

James Taylor 

Neon lamps differ somewhat widely in their properties, 
and some are not characterised by sufficient stability of 
their voltage constants to make their application to the 
measurement of capacities and resistances, as described 
in following experiments, trustworthy. They may be 
improved considerably by passing a emrent greater than 
that normally taken, for an horn: or two, though it is wise 
to avoid a heavy metallic deposit from the electi’odes on 
the walls of the tube, as easily occurs when tubes are 
“ overrun ” in this manner. It is also preferable, w'hen 
measuring capacities, etc., by the neon lamp, to illuminate 
the cathode by means of a gas-filled lamp, w'hich produces 
a small photoelectric effect at the cathode and usually 
does away with the time lags in production of discharge, 
which are frequently noticed in the dark. Lamps to bo 
used for demonstrating the photoelectric effects of light 
and other radiations (see experiment 193) should not, 
however, be “ overrun,” for this usually destroys their 
sensitivity. 
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The best method of making a tube suitable for exact 
measurements is by the introduction of a small quantity 
of sodium into the lamp. (See experiment 183.) 

180. SIMPLE METHOD OF ILLUSTRATING THE 
CHARGING-UP OF A CONDENSER AND OF 
MEASURING CAPACITIES AND RESISTANCES 

James Taylor 

It has been shown that the neon tube possesses the 
property of starting at a definite sparking potential, v^, 
and going out at an equally definite extinction voltage, 
Vb. These facts are, of course, illustrated by the simple 
experiments described above. The property may be 
advantageously employed for illustrating the charging-up 
of a condenser. A source of potential of some 160 or 
200 volts is connected by a tapping key and high resist- 
ance to the condenser (suitable value of the order of 
1 microfarad), which is shunted by the neon lamp. The 
tapping key is closed, and after a definite interval, a 
“ flash ” of the neon tube takes place. This flash, of 
course, occins when the capacity has been charged up to 
V,. volts, and the time taken may be measured by a stop- 
watch. The time may be shown to vary proportionally 
to the resistance and capacity values, and if the value of 
one of these is known, the value of the other may be 
calculated from the usual formula for the charging up of 
a capacity. 

!E 

T = 2-303C X R X logio , where E is the 

E — Vo 

charging voltage. 

181. TO APPLY THE NEON LAMP TO THE 
MEASUREMENT OF CAPACITIES AND RE- 
SISTANCES 

James Taylor 

A condenser of capacity C (of the order of O-l micro- 
farad and upwards) is placed in parallel with a neon tube 
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(preferably with the ballasting resistance removed) and 
connected in series with a high resistance R (of the order 
of 1 megohm) to a D.C. supply of constant voltage (see 
Fig. 144). Regular flashing or discharge through the 
lamp at intervals occurs. With a capacity of the order 
of 1 microfarad, the flashes may be timed by a stop- 
watch. The time between flashes is found to be constant 
and is diminished with 
decrease of the value 
of the capacity or re- 
sistance, until, finally, 
the periodic clicks, 
which may be heard if 
a pair of telephones is 
included in the circuit, 
become a low musical 
note. The pitch of 
this note increases with further decrease of C or R until, 
with low values of both C and R, notes beyond the audio 
limit may be attained. 

The mechanism of flashing is as follows. The condenser 
C charges up from the source of potential E volts, through 
the high resistance R, and when it attains the potential 
Vg, discharge through the lamp occurs. The capacity 
discharges through the tube, but as soon as the potential 
has fallen to the extinction value v^, discharge ceases 
and the condenser again charges up to v,,, and the cycle is 
repeated. The time between flashes is thus equal to the 
time required for the capacity to charge up added to 
the time required for the capacity to discharge through 
the tube, and this may be evaluated theoretically, givmg 



T = C X R X 2-303 X logio f- ^ + Ck. 

Jd/ — Vp 


A is a small constant, so that the relationship may be 
approximated to the form — 

T = C X R X Const. 


This provides a simple method of capacity measurement. 
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A similar relation is also obtained when the capacity is 
placed in parallel with the resistance B, instead of across 
the lamp, and this position is equally suitable for capacity 
and resistance measurement, although it is omitted in 
this description. (The alternative positions of the 
capacity are shown in Fig. 144.) 

If graphs be drawn showing the variation of the time of 
flash with the capacity (resistance and voltage E con- 
stant), or the resistance (capacity and voltage E constant), 
these are found to be straight lines in accord with the 
above relations, though the lines do not necessarily pass 
through the origin. 

In practice, a graph showing the relation between the 
time of flash and the value of the capacity may be con- 
structed by taking the times of flash by means of a stop- 
watch for two known capacities, and the capacity of a 
condenser of unknown value may be measured by finding 
the time of flash with this capacity across the neon lamp 
and referring to the graph. Alternatively, without con- 
structing a graph, the capacity value may be found by 
interpolation between two known values. If the lamp 
has been treated by introduction of sodium (see No. 183), 
the approximate form of the relation given above usually 
holds almost exactly. The method for resistance measure- 
ment is exactly similar. 

182. THE NOTE METHOD OF MEASURING 
CAPACITIES AND HIGH RESISTANCES 
James Taylor 

In cases where the rate of flashing is too great for 
coimting, resort can be made to “ note ” methods, if a 
variable capacity of the same order or greatness as the 
unknown can be obtained. The lamp terminals are joined 
to the middle poles of a double-pole double-throw switch 
(six-way key), whilst the standard variable capacity is 
connected to one end pair of terminals and the unknown 
capacity to the other pair, as shown, so that either the 
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standard or the unknown may be placed at will across tlio 
neon lamp. By throwing over the six-way key rapidly 
from one position to the 
other, the difference of note 
due to the capacities may 
be detected in the tele- 
phones, T. The variable R 
capacity is adjusted in / 
value till the notes in the 
two positions are the same, 
when it is obvious that the 
two capacities must be of 
the same value. 

A flashing neon lamp is 
also very suitable for de- Fic. 145. 

monstrating the properties 

of rotating mirrors and stroboscopes, smeo it provides a 
bright glow at regular and adjustable time mtcrvals. 



183. TO INTRODUCE SODIUM ELEGTRO- 
LYTICALLY INTO NEON LAMPS AND FILA- 
MENT LAMPS 

James Taylor 

A neon lamp is placed with the lower part of the bulb 


V E 



Fig. 14G. 

1—15 


in a bath of molten sodium 
nitrate (see Fig. 146) ; the 
lamp should be heated uji 
gradually above the bath 
before introduction into the 
nitrate. The bath may be 
made of aluminium or non. 
It is heated to a temperature 
of about 350° C. by a Bunsen 
flame. The neon lamp is 
made to glow on the usual 
voltage supj)ly, and a volt- 
age of some 100 or more is 
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connected from the po&itive electrode to the metal bath, 
in which the sodium nitrate is contained, in such a way 
that the metal bath becomes the positive electrode. A 
discharge nill be seen to take place between the glowing 
electrodes and the part of the bulb which is immersed 
in sodium nitrate. The action is somewhat as follows. 
The inside surface of the glass wall is bombarded by 
ions and electrons from the discharge and becomes nega- 
tively charged. The outside glass is positivelj* charged 
from the potential V and forms the anode. Under the 
influence of the intense electric field between the two 
sides of the glass, there is a migration of the positive ions 
of sodium which are found in quantity in the molten 
sodium nitrate, and these are driven to the inner surface 
of the glass, where they are vaporised. After this action 
has proceeded for an hour or so, a mirror of the metal 
sodium can be seen on the inner surface of the glass. The 
sodium metal frequently assumes a colloidal form of a 
dark brown colour. Further, since most of the neon 
discharge tubes are made from lead glass, there is usually 
an action upon the lead after the discharge has taken place 
for some time, and the glass becomes colom’cd almost to 
blackness. 

Some of the sodium is, of course, evaporated on to 
the electrodes, and gives an electrode smlace of fresh 
sodium metal. The introduction of sodium has the 
effect of lowering the sparking potential by 40 or 
50 volts, and increases the stability of the tubes to 
such a degree that it becomes unnecessary to use 
external ionising agents in the capacity and resistance 
experiments. 

It is perhaps of use to ijoint out here that sodium 
may be introduced in an exactly similar manner into an 
ordinary wire-filament lamp (see R. C. Brndi, Jou.m, Oiit. 
8oc., 11, 87, 1925), using the hot filament instead of the 
discharge. 
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184. TO ILLUSTRATE AN ALTERNATIVE 
METHOD FOR THE INTRODUCTION OF 
SODIUM INTO A NEON LAMP 
James Taylor 

A rather more striking method of carrying out the 
experiment is to short-circuit the two electrodes of the 
neon lamp, cormeot them to the negative terminal of a 
variable source of potential, and connect the bath of 
molten sodium nitrate to the positive terminal. The 
adjustable source of potential may be conveniently the 
D.C. mains connected in series with a battery of about 
100 volts (adjustable). In this aiTangement, conduction 
of electricity can occur only through the glass walls of 
the neon lamp. The voltage is gradually increased from 
a value about 240 volts imtil a discharge occurs in the 
lamp. The potential at which this occurs is usually 
about 300 volts. The discharge is initially of the normal 
orange colour', but it soon shows a strong yellow tinge, 
due to the sodium wliich is coming through the glass walls. 


185. TO PROVE THAT SODIUM IS A CON- 
STITUENT OF GLASS 
James Taylor 

A strong yellow discharge is characteristic of sodium, 
as win be shown in later experiments. 

For the present object, the circuit is exactly the same as 
that described in the last experiment, but in place of a 
bath of sodium nitrate, one of heated merciuy is used. 
A heat-resisting glass or iron container must be used for 
the mercury. The voltage is gradually increased, as in 
the last experiment, until a glow discharge strikes at 
about 300 volts. The discharge is at first orange in 
colour, but soon becomes strongly tinged with the yellow 
colour characteristic of sodium. Since mercury contains 
no sodium, the sodium must have come from the glass 
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valk of the lamp. Simply speaking, may regard 
glass as sodium feilicatc. Xa 2 Si 03 . Under the influence 
of the electric potential between the mercury and the 
inside of the neon lamp, electrolysis of the XajSiOa 
occurs in the manner — 

XajSiOa — 2Na (SiOg) ^ 

The positive sodium ioas migrate to the negative 
electrode, uhich is the inside of the discharge bulb, and 
are liberated there. The glass walls of the tube are thus 
electrolysed and finally broken down, and sodium is 
introduced into the lamp. 


186. TO ILLUSTRATE THE REITIRSIBILITY OF 
THE ELECTROLYTIC DISCHARGE 
James Taylor 

After sodium has been introduced into a neon lamp as 
described in experiment 183, the polarity of the terminals 
is reversed, that is, the sodium bath is made negative 
instead of positive. It is then foxmd that a glow discharge 
still occiu’s, but that the inner smface of the glass bulb 
is acting as cathode and is covered with negative glow. 
The electrolytic discharge is consequently reversible, 
and sodium may actually be removed from the inside 
of the lamp and driven through the glass walls to the 
outer side. This experiment iUustrates very strikingly 
the conduction of electricity through glass, for it is 
evident that the glass which is covered with a normal 
negative glow is behaving in a manner analogous to a 
metal cathode. 

The current passing through the walls of the lamp 
when used on reverse discharge is initially large, but falls 
off exponentially with time, due to polarisation effects 
in the glass. Rotation of the discharge on the glass 
surface and fatigue effects are very evident with this 
type of discharge. 



NEON LAMPS 


213 


187. THE LAMP AS A SOURCE OF LINE 
SPECTRA 

James Taylor 

The negative glow of the neon lamp, especially that of 
the “ letter-form ” pattern, may be utilised as a source 
of line spectra rich in lines. The lamp is a good substitute 
for the more expensive forms of discharge tube. The 
glow should be examined sideways in order to obtain 
maximum intensity. 

A constant deviation spectrometer is a very suitable 
instrument for measuring the wave-lengths of the spectral 
lines from the tube. It is only necessary to set up the 
lamp close to the slit of the spectrograph. The linea are 
numerous and mainly confined to the red and yellow 
portions of the spectra. The spectra of neon and helium 
occur, and the linea may be measured and compared 
with the values given in an atlas of spectra. Tbe Balmer 
Series of hydrogen is also strongly in evidence, for the 
lamps contain about 1 per cent, of hydrogen, wliich is 
introduced in order to obtain a low sparking potential. 
The yellow sodium lines are almost always to be seen, 
indicating the universal presence of this element. In the 
ordinary lamps, which have not been used for di-astio 
experimental purposes, no band spectra are present. 

As a matter of interest, the variation of the intensity 
of the lines with the current through the lamp may be 
studied. 

188. TO SHOW THAT THE YELLOW GLOW 
DISCHARGE IS DUE TO SODIUM 

James Taylor 

The neon lamp is set up as in experiment 183 for the 
electrolytic introduction of sodium, and the discharge is 
examined by the spectroscope. As soon as a discharge 
is passed, the sodium lines become more prominent. 
When the discharge becomes yellow, examination shows 
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that this yellow discharge gives principally the yellow 
sodium lines, proving that it is due to sodium. 

189. TO PROVE THAT HYDROGEN IVIAY BE 
REMOVED FROM THE NEON LAMP BY THE 
ELECTROLYTIC DISCHARGE 

James Taylor 

The experimental arrangement used for experiment 186 
is employed, and the glow discharge on the surface of the 
glass bulb is examined by the spectrograph. At the 
beginning of the discharge, the Balmer hnes of hydrogen 
are found to be prominent. After five minutes’ run, 
only a faint trace of the hydrogen lines can be observed 
in the lamp spectrum. With continued running, the 
hydrogen lines disappear completely. The hydrogen has 
evidently been removed from the lamp. 

The mechanism is as follows. Under the action of 
the voltage across the glass walls, the sodium silicate, 
NagSiOa, is electrolysed. Sodium ions migrate to the 
outside walls, SiO 3 radicles are left at the inner walls 
and break down. The SiOs radicles break down into 
Si 02 silica, and oxygen. A badly conducting layer 
of silica is formed at the inside surface of the glass bulb, 
and the liberated oxygen unites with the hydrogen in the 
lamp and forms water, which is absorbed into the walls 
and electrodes of the lamp. 

190. TO EXHIBIT THE RESONANCE RADIATION 

OF PURE NEON 
James Taylor 

The lamp of the previous experiment, when the 
hydrogen lines have just completely disappeared, is 
removed from the nitrate bath and rested. After resting, 
the discharge through the lamp is examined. A notice- 
able change in the type of discharge is observed. The 
cathode is still covered Avith orange negative glow, but, 
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in addition, it is bathed or surrounded in a red luminosity 
which almost fills the bulb. This diffuse red glow is 
resonance radiation of neon, and it is observed only when 
the gas is free from impurities (a small admixture of 
hehum is, however, without influence). The red mantle 
is, in fact, resonance light called up by absorption of light 
from the negative glow in the cloud of abnormal neon 
atoms (excited metastable atoms) which surrounds it. 
The abnormal neon atoms absorb radiation from the 
discharge and then re-emit it with a changed wave- 
length as a visible red light. This experiment illustrates 
the fact that excited atoms can absorb radiation of 
suitable wave-length and then revert into normal atoms 
with emission of light. 

191. TO SHOW THAT THERE ARE COMPOUNDS 
OF CARBON IN THE GLASS WALLS OF THE 
TUBE 

James Taylor 

Instead of discontinuing the discharge when the 
hydrogen lines have disappeared, as was done in experi- 
ment 189, the discharge may be continued. After a pro- 
longed run, a band spectrum begins to appear and in- 
creases in strength with continuation of the discharge. 
Measurement of the bands shows that they belong to the 
carbon monoxide spectrum. The oxides of carbon must 
have come from the glass walls of the lamp by electro- 
lytic decomposition ; consequently, there must be some 
compounds of carbon in the glass. 

When oxides of carbon have been introduced into the 
lamps in this way, the discharge shows a bluish tinge 
and the resonance radiation disappears entirely. At 
the same time, the sparking potential is found to have 
increased in value. In cases where the carbon monoxide 
bands are prominent, a bluish positive glow or column 
may be observed on the anode. 

Voltages of about 350 to 400 are required for the 



210 ELECTRICITY 

above experimenls with lamps containing oxides of 
carbon. 

The carbonic oxides may be removed from the lamp if 
the polarity is reversed and sodium is introduced into the 
lamp. The sodium fixes some of the oxides by chemical 
action, whilst some disappear into the glass by taking 
part in electrolysis. 

192. PRODUCTION OP ELECTRICITY BY PRIC- 
TION AND THE ELECTRODELESS DISCHARGE 

James Taylor 

Neon is extremely sensitive to electrical influences and 
glows very readily in electrostatic fields which are varying 
in intensity. It is consequently possible to demonstrate 
the oharging-up of a glass surface by means of the neon 
lamp. The tube is simply held in the hand without any 
electrical connection whatever being made, and the glass 
walls of the tubes are briskly rubbed with the hand 
(which must be extremely dry), or better still, by a rubber 
glove. If the process is carried out in a dark room, it 
will be seen that the gas in the lamp glows diffusely but 
brightly, following the progress of the rubber across the 
glass. Indeed, it is not necessary that there be electrodes 
within the tube, for a simple bulb of neon acts in an 
exactly similar manner. The glow obtained is of a red 
colour characteristic of neon. 

As a variation of this expei’iment, a gas-filled lamp 
(broken filament does not affect the experiment) may 
be utilised to the same end. Many gas-filled lamps 
contain argon, or rather a mixture of argon and 
nitrogen, so that the glow obtained in this case is of a 
blue colour, characteristic of the above gas. Discharges 
of this nature, which are produced by a varying electric 
field without the intervention of electrodes, are termed 
electrodeless discharges. 

In an analogous manner, the neon lamp may be utilised 
to illustrate the energy leakage from a worldng induction 
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coil. The induction coil radiates energy into the space 
around it and creates a varying electric field, which is 
detected by the tube it it is held sufficiently near. In 
this manner it may be shown that the radiation from a 
large induction coil extends to some considerable distance. 

Neon lamps may also be employed to advantage in 
experiments with Lecher wires, or with the Fleming 
cymometer. 

193. PHOTO-ELECTRIC AND RADIATION EFFECTS 

James Taylor 

The fact has frequently been observed that the condi- 
tions under which a neon lamp begins to discharge vary 
with the conditions of illumination, etc. It has also been 
found that the flashing phenomena of such tubes may (to 
a certain extent) be controlled by radiation falling upon 
the electrodes. Thus, if the voltage applied to a noon 
lamp is adjusted to be precisely of the sparking potential 
value, then no discharge will occur if the lamp is in dark- 
ness, but if an electric lamp is illuminated in the vicinity, 
or if a beam of radiation, such as light, or radiation from 
radioactive substances. X-rays, etc., though of small 
intensity, is allowed to fall upon the cathode, a discharge 
viU be initiated and will continue even though the radia- 
tion is suppressed. This phenomenon may be utilised for 
the remote control of relays and instruments by light and 
other radiations. 

194. CONTROL OF FLASHING BY RADIATION 

James Taylor 

In the control of flashing by radiation, the circuit used 
is shown in Fig. 144, p. 207. E is an adjustable supply of 
voltage (about 150 to 200 volts), R a variable resistance of 
the tj^pe described previously, L the neon lamp, and C 
a condenser. In the case of the ‘‘ Osglim ” lamps, suit- 
able values of R and C are about 0-3 megohm and 1 
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microfarad. The potential of E is adjusted so that 
flashing just fails to take place in the dark. Now, if 
radiation, even from a distant source, is allowed to irradiate 
the cathode, flashing occurs, and the rate of flashing 
varies with the intensity of the radiation. The system is 
self-restoring, or, in other words, the flashing ceases so 
soon as the stimulating influence of the radiation is sup- 
pressed. It should be mentioned here that this radiation 
effect is a phenomenon of less constancy and reliability 
than most of the other properties of the neon lamp, and, 
indeed, all lamps do not exhibit this effect. Nevertheless, 
it is well worth the trouble to try to And a lamp which 
exhibits this very striking and demonstrable pheno- 
menon. One is most likely to succeed with a lamp of the 
“ letter ” form, having a small anode. The “ letter ” or 
large anode is connected to the negative terminal of the 
supply. 


OHM'S LA^y 

195. VERIFICATION OF OHM’S LAW 

H. A. Wootton 

One Leclanche cell is used, and the rheostat is ad- 
justed until there is no deflection in the sensitive 
galvanometer. The terminal potential difference of the 
resistance is then equal to the electromotive force of 
one Leclanche cell. The cunent passing through the 
resistance can then be read off on the ammeter. 

Two Leclanche cells are now put in, and the experi- 
ment is repeated. The current has now been increased 
so that the terminal potential difference of the resistance 
is equal to the electromotive force of two Leclanche 
cells. 

The experiment can be repeated with any number of 
Leclanche cells which may be available, and the relation 
between the current passing thi’ough the resistance and 
the terminal potential difference determined. 
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The following results, obtained by a boy working 
without special supervision, show the accuracy that can 


be expected : 



Number of Celia. 

Kumber o{ Celia. 

Catron t. 

Current. 

1 

0*294 ampere 

3-4 

2 

0-58 


3-46 

3 

0-87 

9t 

3-45 

4 

1-15 

99 

3-40 

6 

1-40 

99 

3-43 


OSOILLATOB 



196. USE OF THE OSCILLATOR IN ELECTRICAL 
EXPERIMENTS 

S. B. Humby 

The apparatus of experiment No. 96, p. 109, has a wide 
range of usefulness in electrical experiments, as well as in 
sound. Two uses in electrical work may be of interest. 

(1) Capacities of condensers can be found in terms of 
that of the variable condenser, or of some other standard, 
by a method of substitution. 

(2) The apparatus gives a convenient supply of alter- 
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nating current for conductivity measurements. It is best 
to insert a step-down transformer (a cheap one can be 
bought from a wireless dealer) between the oscillator 
circuit and the Wheatstone bridge circuit. The high 
impedance winding of the transformer replaces the tele- 
phone of Fig. 89, p. 109, and the low impedance winding 
is connected across the ratio arms of the bridge in the usual 
manner. The apparatus needs no attention and makes 
no sound in the laboratory — ^a great advantage over the 
small induction coil which is so often used during the 
determination of the resistance of electrolytes. 

POTENTIOMETER 

197. DIRECT READING POTENTIOMETER 
8.8.R., (VI) 22 

This was made as a laboratory model to explain the 
working of the commercial direct-reading type of instru- 
ment. It consists of a potentiometer wire in series with 
a continuously variable resistance. The circuit, when 
connected up for use, is as below. 

The method of use is as follows : AB is the calibrated 
potentiometer wire, BC the variable resistance. For use. 



Fig. 148. 


a battery giving 4 or 6 volts is comiected at E^ and the 
standard cell at E 2 . The battery E^ should be an accumu- 
lator, but must in any case be capable of giving a steady 
current without drop in external P.D. To set the instru- 
ment for use, the slider is set to the reading corresponding 
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to the E.M.F. of the standard, and the potential balanced 
by adjusting the resistance, BC. When this has been 
done, the drop in potential from B to S will be equal to 
the slider reading, so that the scale on AB wiU read 
directly in volts so long as the E.M.F. and resistance of E^ 
remain constant and the resistance, BC, is not altered. 
The standard is then removed and the cells to be tested 
inserted at E^, the E.M.F. being balanced by adjusting 
the slider, S, without altering the resistance, BC. 

This actual instrument consists of a nickel-chrome 
wire, 30 in. long for AB and about 50 in. for BC. The 
scale on AB reads to 3 volts, 10 in. representing 1 volt. 

RESISTANCE 

198. HIGH RESISTANCE 
Birmingham, 1931 

Several strips of paper, well rubbed with graphite, are 
held by binding screws on the under side of a shallow 
wooden box hd. 

The resistance is 
easily adjusted to 
any desired value, 
say 5,000 ohms, by 
removal or addition 
of a few strips. This is useful as a block resistance, but is 
liable to variation due to damp, but this can be reduced 
if the box lid is screwed down and the whole then well 
painted wth shellac. 

199. A WHEATSTONE BRIDGE FOR USE IN EX- 
PERIMENTS ON THE VARIATION OF RESIST- 
ANCE WITH TEMPERATURE 
S. B, Humby 

The circuit is of the standard type and the apparatus 
is made up so as to use resistances already available in 
the laboratory. 



Flo. 140. 
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The points BB are, of coiu'se, for connection to the 
battery, and the 50-ohni resistance is not essential. The 

Standard Standard 



arrangement can be made more or less sensitive according 
as the resistance of the actual bridge wire is low or high. 

The platinum resistance thermometer can also be made 
in the laboratory with a hard glass outer tube, so that its 
construction is visible. 


WIRELESS 

200. TO DEMONSTRATE THE OCCURRENCE OF 
ELECTROMAGNETIC OSCILLATIONS 
C. L. Reynolds 

The components described below can be varied within 
a wide range ; the best conditions for any particular 
apparatus can be found by trial. 

Condenser. — A Mansbridge type, or preferably a mica 
condenser of anything from 0-1 to 2 microfarads, may be 
used. It is convenient to have one of variable capacity, 
or at any rate two similar condensers in series, one of 
which can be short-circuited. 

Inductance . — ^This should be of the order of O-l henry, 
and, if possible, in tAvo parts, one of which can be short- 
circuited. The field coils from a series motor are suitable, 
but the coils of a low resistance electromagnet will serve. 
In any case, the resistance must not be more than a few 
ohms. If need be, the inductance can be increased by 
inserting an iron core, preferably laminated, and varied 
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by clamping an iron keeper near, but not in contact with, 
the poles of the core. 

Telephone . — Headphones or a loud speaker will serve 



To Battery 
10-40 Volts 

Fig. 161. 


If a low-resistance instrument is used, it must be coupled 
inductively to the inductance, as in the figure. A high- 
resistance receiver may be connected to the ends of the 
inductance. 

Method of Procedure. — 1. Comiect as in figure. With 
the two-way switch first charge the condenser from a 
battery and then discharge through an inductance. 



2 {Alternative Meiliod ). — ^To the ends of the inductance 
connect (a) the condenser, (6) the telephone and (c) a 
Leclanche or a single storage cell with a silent knife- 
switch. Break the SAvitch quickly (to avoid an arc), thus 
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charging the condenser by means of the magnetic energy 
in the inductance. 

In either case, oscillations are set up ; they are rapidly 
damped, hut the telephones give a sound like that caused 
hy plucking a tennis-racquet string. The pitch can be 
varied by altering either the inductance or the capacity. 

By arranging a mechanical make-and-break to repeat 
the experiment some twenty times per seeond, a steady 
note is produced in the telephones which is audible all 
over the classroom. (An ordinary trembler bell will 
serve, if nothing better is available — Pig. 152.) 

201. DISCONTINUOUS WAVE TRANSMISSION 
AND RECEPTION 
G. L. Reynolds 

A simple transmitting set is easily made from a small 
induction coil, a Leyden Jar, a home-made spark gap 



Fig. 153 . 


(about i in. across, with flat faces), and a loop aerial about 
2 ft. square (Pig. 153). It is more satisfactory to couple 
the coil to the aerial inductively rather than direct ; with 
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careful tuning it is then possible, by bringing the finger 
near, to get -J-in. sparks from the aerial. 

A Gcissler or other tube containing rarefied gas will 
glow if ill the neighbourhood of the aerial. This is a 
convincing way of showing that there is an E.M.F. in 
space, right away from wires. It also brings it home that 
something else is being radiated besides magnetic energy. 

A simple receiving set consists of a similar aerial, con- 
nected to an air condenser. If a thermo-junction (e.g. 
iron and platinoid) is available, it can be placed in the 
circuit and will give a good deflection on a sensitive 
galvanometer, but only if fairly sharp tuning is effected 
by adjusting either capacity or inductance. The latter 
is changed by moving the adjustable clip. 

With the use of a crystal or valve (Fig. 154) as rectifier, the 



circuit may be made to work either a galvanometer or a tele- 
phone. In the latter case, veiy clear messages, with sharp 
tuning by inductance or cajiacity, can be sent across a room. 

This apparatus will also show the principle of directional 
wireless. If the aerials are rotated, the message is much 
the loudest when both are in the same plane ; the effect 
depends mainly on the receiving aerial. 

202. TO ILLUSTRATE THE PRINCIPLE OF 
REACTION 
G. L. Reynolds 

Connect in series a microphone, the low resistance 
primary of a transformer and a battery. To the secondary 
1—16 
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connect a telephone receiver. Turn the receiver towards 
the microphone. The small sound oscillations caused by 
stray noises will be magnified and prolonged by this 
device, and the receiver emits a continuous raucous noise. 

If the transformer of an ordinary field telephone trans- 
mitter is used, about 8 volts are required in the primary 
circuit. 

203. TO PRODUCE CONTINUOUS OSCILLATIONS 
OF AUDIBLE FREQUENCY 
C. L. Reynolds 

Continuous oscillations of audible frequency can easily 
be produced by a simple reaction-coil apparatus, using 
a hard valve (Fig. 155). A convenient form of coupled 
inductance is provided by a telephone transformer, or 



Fio. 155. 

failing that, by the primary and secondary of a small 
induction coil. An ordinary variable air condenser will 
suffice. The sound produced is loud enough to be heard 
all over the room when the telephones are on the table ; 
if they are on the ears the effect is stunning. When 
large cells are used to heat the filament, the note is very 
pure and steady, and for an illustration of heterodyne 
reception, it is very convenient to produce sound beats 
by means of two circuits of this type. 
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With the telephones removed and a loop aerial sub- 
stituted for them, the apparatus of Fig. 155 acts as a 
transmitter, and though the effect is rather "weak when an 
ordinary receiving valve is used for transmission, a simple 
receiving circuit as in Fig. 154, if properly tuned, will pick 
up the C.W. 

The function of the valve in the receiving circuit is 
in this case purely to amplify, and the insertion of a suit- 
able number of cells between its grid and the condenser 
will often make a vast difference in the results obtained. 
Their number must be obtained by trial, or from the 
characteristic curve of the valve. 

UNCLASSIFIED APPARATUS 

204. A SCHOOL-MADE EPISCOPE 
H. Armstrong 

The following notes concern an instrument made in 
school at relatively small cost from ordinary materials. 

The principles of episcopic projection may be taken as 
common knowledge. In practice, the problems of con- 
struction resolve themselves into securing (a) adequate 
illumination and (6) effective ventilation. 

Fig. 156 shows a plan. Fig. 157 a cross-section. Fig. 15S 
a rough general view. The rectangidar body is 12 in. high, 
24 in. across and 12 in. deep. The base-board projects 
10 in., carrying the focusing rack. Light from two pro- 
jector lamps, A, passes through condensers, B, to trap- 
door, C, on which the object to be projected is placed. 
Light from C is focused by lens D being laterally inverted, 
if need be, by a plane mirror, E. Two switches ai-e shown 
at F. The lengths of flex are kept in boxes, G, when not 
in use. Lens D is mounted in wood and can be moved 
along a rack, J. A hood of black velvet, K, of double 
thickness, stretches from lens holder to the body of the 
instrument, being supported by two lengths of spring. It 
is pinned down closely, but allows free movement of the 
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projector lens for focusing. The condenser lenses are 
of diameter in. They are mounted in ■vrood, covered 
with asbestos. Lens D is of ordinary laboratory quality, 
having a diameter of 75 mm. and focal length of 40 cm. 



Fig. 160. 


The trap-door is 12 X in., and horizontal grooves 
carry a loading plate, 11 X 7J in., on which objects are 
mounted by elastic bands. Lights, condensers, trap-door 
and projector lens are centred at a height of in. 

The heating is considerable. The wood case of the 
instrument is lined with asbestos and, further, with sheet 
tin. The bright metal surface rounded behind the lamps 
helps to increase the effective candle power. The in- 
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elegant chimneys were adopted after several indirect 
methods had been tried. The air enters by holes drilled 



in the base-board and in the raised floor. The two sets 
of holes do not correspond, so that the light finds no direct 



exit. The inside of the back wall, including trap-door, 
is blacked. 
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The lamps are both 600-vatt projector type, burning 
vertically cap dovui in screw holders (E.S.) ; they 
represent the chief item of cost (25s. each). Their life is 
limited and very much shortened by inadequate ventila- 
tion. They must be used in the position specified by the 
makers, and screwed well down to avoid arcing at the 
fusible cap. There are types available for burning 
through a limited range of angle. In cases where a power 
point is not available, it may be noted that, according to 
wiring regulations, “ a lamp-holder adaptor shall not be 
used with any appliance taking more than 2 amps.” ^ 
Also, the maximum currents permissible for 14/36, 
23/36 and 40/36 fiex are 1*8, 3-0 and 5-0 amps, respec- 
tively. Thus, if two 500-watt lamps are used in parallel 
on a 250-volt circuit, then 40/36 fiex would carry the 4 
amps. Avith a safety margin. The initial rush of current 
when the lamps are switched on may be an overload in 
certain cases. Apart from the question of current, the 
lower voltage lamps arc preferable on account of their 
more stable filaments. 

Unlike the optical lantern, with its standard slide, the 
episcope projects objects varying in size up to that of 
the loading plate. Thus the choice of screen size and 
distance, together with focal length of projector lens, 
Avould appear to be a matter of compromise and experi- 
ment. In addition to pictures, small objects may be 
mounted on the loading plate. Images of objects on the 
floor of the instrument have been thrown on the screen : 
this led to the trial of small-scale experiments, but this 
field is extremely limited, owing to lack of focusing depth. 
Articles, such as flowers and fabrics, placed on the plate, 
are secured by a piece of glass. 

The construction of the instrument represents the 
collective effort of certain interested boys, who gave 
freely of their time, energy and ideas. 

* I.E.E. Regulalion.s are obtainable. Is. 2d. post free, from Savoy 
Place, Victoria Embankment, London, AV.C'.2, on npiilication to the 
Secretary. 
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205. A PROJECTION MICROSCOPE 
E. H. Duchwrth 

By the construction of the simple fittings to be 
described, it is possible to convert an ordinary microscope 
into a form suitable for micro-projection, so that a greatly 
magnified image of an object can be shown on a screen 
and demonstrated to a large class at once. 



The essentials are (see Pig. 159) : 

(1) A light-trapped ventilated body. A, to house the 
illuminant. 

(2) A condenser, B, to concentrate an intense light on 
the object. 

(3) The illuminant. 

(4) A water tank, C, to prevent injury by heat to the 
lens system of the microscope. 

(5) The microscope arranged horizontally. 

(6) Arrangements to cut out stray light, consisting of 
two rods, E, with their supports, G, to carry black velve- 
teen curtains, and in front, with opening for the eye-piece, 
a thin board, R. 

(7) A mirror, M, capable of being turned on a hinge, so 
that the image can, if required, be projected on to a note- 
book and accurate drawings made by tracing. 
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Constructional details will be given in the above 
order. 

The Lamp Body . — An easy and neat method of con- 
structing a lamp body is to build up a rectangular frame- 
work from 12|-in. Meccano angle girders ; this may then 
be boxed in with pieces of thin sheet metal, suitably 
drilled and fitted vdth small nuts and screws on the 
inside of the girder framework. For the sides, thin tin 
plate is convenient to use ; if this is cut a little short, the 
holes in the bottom strip of angle girder are left exposed 
and provide for ventilation. 

For covering in the top and condenser end of the frame- 
work, an excellent material to use, both as regards 
ease of working and dissipation of heat, is corrugated 
sheet aluminium, as used for covering the step-boards 
of motor cars, and to be obtained from most body 
builders. 

To form a light-trapped chimney, the top sheet has 
a rectangtdar hole cut in it, the edges turned up and 
completed -vvith a cowl and baffle plate, both made of 
sheet metal, and held in position Avith Meccano angle 
brackets. (See Fig. ICO.) 

The condenser end of the framework is closed in with 
a piece of the sheet aluminium, but before being fixed in 
position, has a hole 4 in. in diameter cut in it with a 
pair of snips (dotted circle. Fig. 161). The centre of 
this opening should be on the optical axis of the micro- 
scope. 

The end of the framework distant from the condenser 
should be strengthened Avith small triangular slips of 
metal fitted in the corners. This end may be closed in 
by a black velveteen curtain, hung from a rod fixed on to 
the roof of the lantern body. 

The ventilation air holes at the sides may be made 
quite light-tight by covering Avith aluminium or brass 
motor-car step-board beading (Fig. 160). The building 
up of the body requires a large number of small nuts and 
screws. The most economical Avay of obtaining these 
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is to purchase 
from an iron- 
monger a 
gross packet 
of round- 
headed metal 
thread screws 
and pressed 
nuts, ^ in. long 
and i in. in dia- 
meter. These 
fit the Meccano 
girders. 

The Conden- 
ser . — This is a 
2^ -in. diameter 
plano-convex 



Fia. ICO. Fiq. 102, 


condenser, fitted in a 
mount as used for 
portable cinemato- 
graph projectors and 
small lanterns. It 
can be obtained for 
a few shillings from 
Cinema Traders, 
Ltd., 2G Chmch 
Street, W.l. 

The light-tight 
lamp body is often 
useful for general 
optical work, and it 
is a great conveni- 
ence to have the 
condenser quickly 



removable and ad- 


Fig. 161. 


justable as regards 

height of optical centre above the base-board. This is 
attained by drilling holes in the condenser mount and fixing 
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it with three Meccano angle brackets to a metal plate, A, 
Fig. 161, with a hole cut in it equal to the diameter of the 
lens. The plate is arranged to slide up and down between 
two lengths of Meccano girder, E. The rod, C, which 
is threaded and fitted with a nut, passes through the 
bracket, D, projecting from the lamp body. In this way 
the plate can be fixed in any particular position. 

The Illuminant . — This is all-important. The smaller 
but more intense the source of light the better. 

A 10-amp. Triumph “ Focuslite ” lamp. No. 2c, has 
been found useful by the writer. Such a lamp will 
project an image of, say, a stained section of a plant 
stem to a distance of 5 ft., giving a field of about 18 in. 

This lamp is of the concentrated filament type, and 
once adjusted in correct position in the lamp body, 
requires no further attention. It is a slight advantage 
to turn the lamp-holder so that the coils of the filament 
are in echelon with reference to the condenser. For 
lecture work to a class of twenty, a 10-amp. Westminster 
enclosed arc-lamp with carbons at a right angle has been 
found satisfactory. The area illuminated by hght from 
the condenser is very small, so that arc-lamps on alter- 
nating current are liable to give a little trouble by 
“ wandering ” and causing the spot of light to move off 
the object. If continuous current is available, a “ Pointo- 
lite ” lamp might be used. 

The 'Water Tank . — ^This contains cold boiled water. 
Suitable small tanljs can be obtained from dealers or 
made for a few pence. (See Laboratory Arts, by Woollatt 
(Longmans, Green).) The tank can be held in a clip 
(D, Fig. 159) or other convenient support. 

The Microscope . — Use the best microscope available, 
although any medium-quality instrument will give quite 
good results. The* apparatus has been successfully 
employed for demonstrating rock sections with polarised 
light to a class of twenty. 

In Fig. 159, the microscope and water tank are shown 
arranged on a separate base-board, but this is not neces- 
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sary. Once the correct position of the microscope on 
the base-board has been found by trial, it can be registered 
with small blocks of wood and subsequent adjustment 
troubles avoided. 

Arrangements to cut out Stray Light . — ^Two i-in. diameter 
iron or brass rods (E, Fig. 159), as straight as possible, 
are arranged to slide through two tube fittings, F, fastened 
to the sides of the lamp body. 

These tube fittings are easily built up from strip brass 
and “ brass ” curtain-rod by soldering together with 
Britinol soldering paste. Put the parts to be soldered 
together on a piece of sheet asbestos. Add paste to the 
joints, and heat with a Bunsen burner. The rods that 
slide through these tubes are threaded at the eye-piece 
end. They fit through holes drilled in pieces of J x i-in. 
iron strip, G, bent to a right angle (Figs. 169 and 162). 
Two studs (H, Fig. 159), are fixed in the base-board. 
The iron strips, G, are drilled and fit over these studs, 
being secured with brass nuts. 

A piece of strip or angle brass (P, Fig. 159) is drilled 
Muth two holes. This finks together the rods, E, and 
on tightening up the nuts, the framework becomes rigid. 

Small screwed studs, I (Figs. 159 and 162), are fixed in 
the strips, G ; over these studs is slipped a sheet of three- 
ply wood, with a hole out in it for the eye-pieoe of the 
microscope. 

Over the rods, and hanging down on either side, are 
arranged two black velveteen curtains. These, with the 
board in front, prevent stray fight reaohing the screen, 
but enable the microscope to be manipulated. 

The Mirror . — When using very liigh powers or for 
drawing, it is a great convenience to project the imago on 
to a sheet of paper or a note-book placed on a table below 
the eye-piece. A piece of good thin miiTor is suitable for 
this purpose. It can be cut to fit in a ^-plate metal dark 
slide. This is easily fitted with a hinge, and supported 
from the horizontal brass strip (P, Fig. 159). 

The entire removal of the microscope is a matter of 
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only a few minutes, and the arrangement of the condenser 
enables other lens systems to be quickly attached, and 
fittings put in front of the light-trapped lamp body for 
the projection of a spectrum, horizontal and vertical 
slide projection, the illumination of a smoke box, or 
ultra-violet light demonstrations with a window of 
Chance’s filter glass. 

The whole apparatus can be given a finished appearance 
by painting over with a matt, heat-resisting black enamel. 
Roscoe Cylinder Black, made by Owen Bros. & Co., Ltd., 
Hull, has been found suitable. 

It may be of use to observe that a Meccano axle will 
just take a i‘\‘-in. Whitworth thi-ead. It can be used in 
some parts of the apparatus : J-in. Whitworth round brass 
nuts with milled edge, or fly nuts, can be obtained from 
George Adams, High Holborn, W.C.l. 

206. PHOTOMICROGRAPHY 

IF. H. Barrett 


The apparatus required is simple, and the component 
parts can all be found in most laboratories. The essen- 
tials are illustrated in the diagram, and consist of a 



source of light. A, a lantern condenser, B, a microscope, 
E, and a camera, F, Avithout a lens. The best som’ce of 
light among those tried was a 100-c.p. “ Pointohte ” lamp. 
To take a photograph, the positions of the “ Pointohte ” 
and condenser are so adjusted as to throw a sharp image 
of the glowing tungsten ball on the shde in position on the 
microscope table. Then, by using the focusing screw of 
the microscojje, the enlarged image of the object on the 
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slide is sharply focused on the ground-glass screen of 
the camera. At this stage, further small adjustment 
of the “ Pointolite ” and condenser may be necessary to 
obtain even iUumination of the field on the ground-glass 
screen. A circular diaphragm, C, which may be cut out 
of cardboard and blackened, will be of assistance in 
cutting down the beam of light from the condenser ; 
while a piece of cloth (clean duster), covering E and F, 
keeps extraneous light out of the camera. For a simple 
arrangement of apparatus of this type, only low-power 
objectives are suitable, greater magnification being 
obtainable by increasing the .distance of the plate from 
the microscope. (If the apparatus were set up in a dark 
room and the source of light contained in a light-tight 
box, the camera might be dispensed with.) Since no 
microscopic objective is really achromatic, much better 
definition is obtained by interposing a colour screen 
between the condenser and the microscope, as shown at D 
in the figure. A green screen is most generally suitable 
for this purpose, but for stained or coloured preparations, 
the choice of colour screens must naturally depend on 
the colom of the object. When the object is sharply 
. focused on the ground-glass screen, and the illumination 
is even over the whole field (this is the most important 
point of all), the light is interrupted, by placmg a piece 
of black card between the lamp and the microscope, and 
a iilatc fixed in the camera. The exposure is then made 
by withdrawhag the card for the requued period of time. 

207. METHODS OF MAKING RELIEF MODELS 
W. H. Barrett 

There are two methods of making relief models with 
some approach to accuracy. 

For the first of these methods, a map is prepared of the 
area to be shown in relief, of exactly the same size as the 
base of the relief map, and to the same horizontal scale. 
This map need show contours only. Sheets of three-ply 
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board, of uniform thickness, and the same size as the map, 
are taken (one for each contour on the map), and covered 
with a thin white paper, well stuck on (use glue — best 
“ Croid,” thinned with an equal volume of water). On to 
the first of these boards is traced the lowest contour on the 
map — say 100-ft. contour. On the next board is traced 



I’m. 164 (o). 



the 100- and 200-ft. contours ; on the next the 200- and 
300-ft., and so on. The lower contour line on each board, 
except the first, is then cut out with a fretsaw (a treadle 
fretsaw is best and is well worth purchasing if much work 
in three-ply wood is done). The second board is then 
glued (use “ Croid ”!) on top of the fii’st — ^the 100-ft. con- 
tour on the first enabling correct register to be made 
easily ; the third, cut out to the 200-ft. contour, is then 
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glued to the second, which has a trace of the 200-ft. con- 
tour for registermg, and so on. The result of this is a relief 
model rising by abrupt steps instead of gradually — as 
shown in Fig. 164, where a is a perspective view of a 
relief map at this stage, and b the contour map from 
which it was constructed. The “ steps ” are smoothed 
off with plasticine, and any necessary minor features can 
also be put in at this stage. The result is a relief map of 
the district required. Such a map is, however, unsatis- 
factory for any but purely temporary purposes. It is 
better to make a plaster cast of it. To do this, four 
upright pieces of board of suitable size are placed against 



the sides of the relief map so as to make a box with the 
relief map at the bottom — ^the relief mail and the insides 
of the boards forming the box having been given a thin 
layer of vaseline. The vaseline is best painted on the 
model with a smooth brush. 

Some good plaster of Paris is next mixed with water to 
a thick creamy consistency, and poured into the box over 
the relief model tiU the highest parts are well covered, 
and the top of the plaster levelled off. When properly 
set, which will take some time, the plaster cast may be 
lifted off the relief model, the side boards havmg been 
taken off. This cast is a “ negative.” When thoroughly 
dry, it is brushed over with vaseline or oil, or coated with 
melted paraffin wax, and gently warmed (the object of the 
oil is to prevent the next cast from adhering). It is in 
turn surrounded by foiir boards to make a box, and the 
box again filled with plaster. This new cast, taken out 
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when it has properly set, is a positive, and can be coloured 
up m any desired manner, and, if necessary, geological 



sections can be shown 
on its vertical sides. 
A block diagram of the 
finished map is shown 
in Fig. 165. If the last 
j)roces8 is carefully 
carried out and the 
negative has been well 
waxed, there is no hmit 
to the number of 
positive easts which can 
be taken from it. 

The choice of vertical 
interval between the 
contours traced on to 
successive sheets of 
three-ply, and of thick- 
ness of three-ply, natur- 
ally depends on the 
vertical scale required. 
For country of low, or 
moderate, elevation, e.g. 
a portion of the Thames 
valley and neighboiu’hig 
Chilterns, a reasonable 
representation is ob- 
tauied by using three- 
ply boards about to 
I in. thick for each 
100-ft. contour. 

Another method of 
construction is to rule 
across the map of the 


district to be modelled a number of i)arallel lines at 


equal intervals. Sections across the map along each 


of these lines are drawn on strips of cardboard, or 
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three-ply wood, with a suitable vertical scale, and the 
section out out with knife or fretsaw. These sections are 
then fixed vertically at the same distance apart as the 
lines on the map, and the space in between filled with 
modeUing clay, which is then brought up to the top of the 
sections. The sections thus act as a guide in modelling 
the relief in the clay. After the modeUing is finished, the 
surface is oiled and waxed to prevent adherence of the 
plaster, and casts made as before. 

There is no doubt that a relief model made as above 
has an appeal to the eye which is lacking in an ordinary 
diagram, and is a moat valuable teaching adjunct. The 
making of the model, however, takes time, and its storage 
may also present difficulties where space is limited. In 
such cases, the next best substitute is a block diagram. 
Block diagrams are largely replacing the old line diagram 
in textbooks, and offer a much better means of conveying 
the required information. A block diagram is a perspec- 
tive drawing, and shows, for instance, a tract of country 
in relief, and not in section, while sections can be shown 
on two sides of it. Many teachers, who have not had a 
training in drawing, are frightened at the idea of tackling 
perspective, but the difficulties are imaginary rather than 
real. 

Figs. 164 (a) and 165 are examples of block diagrams, 
and can be drawn very easily with no knowledge of the 
laws of perspective by following very simple instructions 
for their geometrical construction. In a recently pub- 
lished book,^ the authors describe very fuUy the manifold 
uses of block diagrams for geological teaching and demon- 
stration, and the book is fuU of suggestions for the 
geographer also. The last two chapters give full instruc- 
tions for the preparation of block diagrams and their use 
for geological demonstrations and lectures. 

For showing a block diagram to a class, it may of 
course be drawn on a lantern slide — ^not too easj’' unless 

1 Structure and Surface, by C. Banington Brown and F Debenham. 
London : Ed. Arnold, 1929. 

1—17 
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the draughtsman is very handy with a really fine pen — or 
photographed and thus transferred to a shde (a better 
proceeding, since any imperfections of line are rendered 
less evident by reducing the original drawing when photo- 
graphing it). An alternative to making a slide is to draw 
an enlarged diagram on cartridge paper and thus make a 
large waU diagram. 

208. POYNTING PARALLEL PLATE MICROMETER 
Birmingham, 1931 

This is used in conjunction with an ordinary microscope 
or telescope for measurements such as the diameter of 
bore of a tube, extension of a wire, etc. 

A piece of optically worked glass is held in the frame, 0, 

fixed rigidly at right 
angles to a bar 
carrying a glass 
plate, 6, with fine 
fine scratched on it, 
and balanced by a 
small weight, W. 
This arm moves on 
axis, X, the fine on. 
G passing over a 
millimetre scale, S. 
The object to be 
measured is viewed 
g through the glass 
block by means of a 
short focus telescope, 
T, adjustments being 
made so that one end of the image comes on the cross 
wire. The glass block is then turned until the other end 
of the image comes on the cross wire, the movement of G 
required to bring this about being noted. The scale, S, is 
calibrated by replacing the object being measured by a 
millimetre scale and taking readings of G when images 



Fio. 167. 
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of successive divisions of the scale under observation are 
brought in turn on to the cross wire. The millimetre 
scale is calibrated against another millimetre scale, placed 
in the position of the object on the far side of 0, readings 
being taken through a telescope, T. 

The plates are 6 mm. thick, the pointer 25 cm. long, 
and about 100 millimetres on the scale, S, corresponds 
with 1 mm. on the object being measured. 

NOTE ON THE ABOVE 
V. T. Saunders 

Consider a small object, OA, with 0 on the principal 
optical axis of the microscope and the block of glass 
normal to this axis, as shown in Fig. 168. 

The rays show that the position of OA as viewed in the 
microscope appears to be IB. 


Microscope 


Fro. 168. 

Now turn the block as shown in Fig. 169. The ray 
which leaves 0 and falls normally on the block, passes 
through without deviation and without side shift, but 
the ray which leaves 0 and coincides with the principal 
optical axis of the microscope is refracted as shown and 
suffers side shift. Thus rays falling on the microscope 
from 0 appear to diverge from I', which is not on the 
principal optical axis ; the object has apparently been 
side-shifted so that B' appears to be on the principal 
optical axis of the instrument. 

In the instrument described above, the block is turned 
by a long lever whose position is recorded on a scale. By 
putting a millimetre scale at OA, the positions of the lever 
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for millimetre intervals (i.e. OA) can be found, and so a 
calibration is obtained ; another way of expressing this 



would be to say that by putting in known lengths at OA, 
a table of relative values of <t> and OA is found. 

209. A METALLIC ARC 
Birmingham, 1931 

Fig. 170 shows an arrangement for striking a metallic 
arc. The two wires, W, are fixed in a simple clip, C (an 



iron spring), on a brass arm, A. The two brass arms are 
held in an insulating block, B, on the far side of which 
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are binding screws, S, for connection to the mains. The 
arc is struck inside a metal shield of tin, T, which serves 
the double purpose of a shield and provides a cooling 
current by updraught. 

The shield is held by a rod, E, passing into the insulating 
block, and is continued beyond this to a clamp on a 
standard, thus supporting the whole apparatus. A hole, 
H, in the front of the shield, enables the arc to be viewed 
by spectroscope. The arc is a horizontal one. Holes, L, 
are bored in the brass arms for cooling purposes. 

The circuit is completed by passing through an ordinary 
heating element as resistance, mounted on a wooden 
base, the current being about 1 amp. 

210. ELECTRICALLY HEATED CRUCIBLE 
FURNACE 
Cambridge, 1923 

Fig. 171 illustrates an electrically heated crucible 
furnace. The crucible, C, is placed on 
asbestos, within a silica lamp-glass, BB'. 

This cylinder stands on an asbestos card, 

A, and another card. A', is placed above. 

Freshly ignited magnesia alba is placed 
below A and is packed round BB% which 
is fitted with an external coil of nichrome 
ribbon (the temperature varies with the 
closeness of coiling). The whole of this 
may be conveniently contained in a 
“ Bath Oliver ” biscuit tin. It is im- 
portant to secure non-conductivity of 
the ■ magnesium oxide in the first 
instance. This is effected by strongly 
igniting the carbonate. In these 
circumstances, the crucible may be raised 
to 600° C. or 700° C., while the biscuit 
tin remains cold. 




246 


ELECTRICITY 


211. A LABORATORY BLOWER 
Oxford, 1921 


A large glass vessel is used as shown ; the lower part 
contains water through which air bubbles in and replen- 
ishes the supply of compressed air in the upper part, 
which air produces a steady jet in the blow-pipe. The 



I'M. 172. 

This blower works very 


end of the tube leading in 
the water is bent upwards 
so that air is not sent up 
the water-escape tube. 
The maximum rate of flow 
depends, of course, on the 
efficiency of the filter 
pump. 

The following is a simpler 
arrangement. 

The tail of a filter pump 
is fitted into the brmg of 
a 4-5 litre aspirator, 
placed in a sink. The 
outflow of water from the. 
aspirator is regulated by 
the tap at the bottom, 
well where a gentle for- 


ward current of air is required. 


212. SKEW PRISMS— METHOD OF GRINDING 
Arionymous 

Fig. 173 shows a skew prism which has an angle of 
about 8° at the apex, and the two faces are inclined 
at an angle of about 4° in a plane at right angles to 
the main angle of the wedge. 

Wedges having plane faces from which the 
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prisms can be ground may be obtained from spectacle 
lens manufacturers. Two wedges are required. The 
skewed faces of the wedges are prepared for grinding in 
the following way. The two 
wedges are mounted side 
by side in plastic pitch 
(Fig. 174) contained in a cup 
made of a short piece of 
brass tubing of justsufficient 
diameter to permit of the 
mounting of the wedges for 
grinding. The ends of the 
tube are turned true. The 
correct location of the 
wedges is obtained by press- 
ing down upon them a former (Fig. 175) until it makes 
contact with two flat pieces of steel (hack-saw blade) 
laid across the top of the cup clear of the wedges. 
When the pitch has set, the former is removed and the 




\ 



projecting parts of the wedges are ground off flat and 
polished. The pieces of steel must be sufficiently thick 
to allow the wedges to stand well clear of the pitch, so 
that at no time is pitch removed by the abrasive agent, 
otherwise difficulty will be experienced in pohshing. 
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Acceleiatiou, i 1 
AccumiUator charging, i 181 
Acetamide, preparation, ii 91 
Acet} lene and chlorine, ii 50 
Acidity and protozoa, ii 22b 
or alkalinity, indicators, ii 02 
Acid proof cement, ii 82 
Acoustic zone plate, i 114 
Adsoiption indicators ii 138 
Agar, beei wort, 11 155 
Do-v a nutrient, ii 155 
medium (plain), ii 213 
potato extract, ii 155 
All, composition of, ii 37 

(liquid) demonstration, ii 243 
Alcohol, desiccatmg agent for, 
11 10 

duty free, ii 256 

Aldehydes, Boische’s leagent, 
11 92 

Alkalinity and protozoa, ii 223 
Alloys of lead and tin, ii 2 
Alternating current, periodicity , 
1 130, 167, 170 
production of, i 109, 210 
Aluminium, oxidation of, ii 9 
spot test, 11 104 
Ammetei, hot wire, i 173 
Ammonia, combustion ot, ii 10 
\olumetiic composition, ii 53 
Ammonium estimation, ii 137 
Amasba culture, ii 1C3 
Anatomical \ alves, models, ii 1 19 
\ngle of contact, i 32 
A.nimal physiology, ii 141 
Apples, brown lot, ii 214 
Arc, metallic, i 244 
Archimedes prmciple, i 15 
Area of leaf, ’■ate of increase ii 200 
Artificial silk demonstration, ii 
249 

dsperjiKiM, mode of growth, 11 184 
Atmospheric pressure witli bicycle 
pump, 1 25 

Atwood s machine, i 5 
Audibility, upper limit, 1 111 
Auxanometer, ii 202 


BaciUiu caratovorus, ii 218 
BackEMJF,! 177 
Ball and funnel, ii 233 
Barley, “ foot rot,” u 215 
Beats, 1 117 

Bench sops, treatment, ii 75 
Bichromate, see Bichromate 
Biometric methods, ii 182 
Bismuth, spot test, ii 103 
Bjemim tank, ii 66 
Blower, water, i 246 
Blue sky, i 101 
Bolometer, simple, i 53 
Borsche s reagent, ii 92 
Botrytu citierea, mode of growth, 
11 184 

Boyle slaw,! 11 
with bicycle pump, i 13 
Brass, lacquering, ii 76 
Brazmg notes, ii 80 
Brick, seemg through a, ii 237 
Bright dip for brass, ii 82 
Bromine and sodium formate, ii. 
117 

Brown rot (apples), ii 214 
rust (wheat), ii 216 
Brownian movement, ii 232 
Brown’s medium, ii 165 
Bufier action and mixtures, ii 
69, 62 

Bimsen burner and bock firmg, 
11 10 

Burette used for gas analysis, 
11 35 

Burglar alarm, ii 240 
Burns, treatment, ii 249 
Butyl alcohol, solubility curve, 
11 124 


Cadmium, spot test, ii 103 
Calcium carbonate, dissociation, 
11 127 

hydroxide, solubility in sodium 
hydroxide, ii 126 
Calorific value of coal gas, ii 4 
Calorimeters, thick, i 42 
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Camera, dbtiouomicul, i. G8 
photonucrographio, i. 236 
pin-hole, 1 . 67 

Campamdaria, dedifferenliation, 
11 181 

Camphor, depressipn of freezmg 
point, 11 84 

Carbon, equivalent weight, n. 33 
compounds, presence in glass, 

I. 215 

dioxide, density of, ii. 39 
excretion of, ii. 154 
gravimetric composition of, 

II. 33 

volumetric composition of, 
11. 54 

monoxide, effect of water on 
combustion of, ii. 5 
union with oxygen, ii. 66 
Carcinua mccnas, statistical 
methods, ii. 182 
Cardiac stimulants, ii. 254 
Cairon oil, ii. 249 
Carrot, soft rot, ii. 218 
Cartesian divei, i 19 
Cast, plaster, i. 239 
Catalysis, ii. 5 

action of nitiogen peroxide, 
11. 48 

intermediate compound theoiy 
of, 11 . G 

Caustic by reflection, i. 99 
Cell, standard, i 175 
Celloidm sections, treatment, ii. 
190 

Cements, ii 81 
Centre of gravity, ii 232 
Chameleon, conversazione expeii- 
ment, ii. 237 

Change of state, contraction when 
ice melts, i. 44 

liquefaction ot sulphui di- 
oxide, 1 . 46 
Charles’ law, i 51 
Chatterton’s compound, recipe, 
11 81 

Chemical change, rate of, ii. 112 
Chemiluminescence, ii 7 
Chloiic acid and hydriodic acid, 
11. 119 

Chlorme, action on acetylene. 
11. 60 

eqmvalent weights referred to, 
11 34 

Chlorophyll, component pigments, 
11. 197 

in red algie, ii. 196 


Chromatic aberration, i. 90 
Chromatin, stain for, 11. 193 
Cluomic acid and oxalic acid^ 
11. 120 

Chromium, spot test, 11. 104 
Chrysanthemum rust, ii. 217 
Citric acid, basicity, ii. 137 
Clement and Ddsormes’ eiqieri- 
ment, i. 57 

Cloud formation, ii 234 
Coal gas, density of, ii 41 
Cobalt chloiide paper, 11 78 
Colloidal silver, ii. 8 
Colour filters, i. 69 

mountmg for lantern, i. 72 
illusion, 1 83 
mixing, 1 . 73, 78 

Coloured light and staich forma- 
tion, 11 . 194 

Colptdia. and acidity, ii. 227 
Golpidium culture, ii. 166 
Combination tone, i 117 
Combustion of carbon monoxide, 
effect of water on, ii. 5 
Combustions, absorption m, ii. 87 
Condensei, capacity of, i. 206, 219 
optical, I 233 
rate of chargmg, i 206 
Conductivity of electrolyte, i. 219 
woik, oscillator for, ii. 121 
Consonance, i. 117 
Contact-maker, i 182 
Convection currents, i 46 
Conveisazione notes, ii. 231 
Convertei for use on A C. mams, 
1. 179 

Copper chlorides foi multiple 
ratios, 11 83 
equivalent of, ii. 31 
sulphate and ferious sulphate, 
11 99 

to prepare crystals of, ii. 13 
Corona with lycopodium, n. 234 
Cotton red stam, ii. 193 
Ciesol red to detect carbon di- 
oxide, 11 154 
Ciitical angle, i. 100 
Ciybtals, exhibition of, ii. 14 
method ot making, ii. 19 
pieparation of, ii. 12 
systems of, ii 15 
Cultuie media foi fungi, ii. 165 
(water) method, ii. 166 
Cultures of piotozoa, ii 161 
Cupioiis meieuric iodide, ii. 95 
Current control, i 64, 77, 183 
interrupter, i. 142, 172 
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“ Damping off ’ of seedlings, u 
212 

Daphnia culture, ii 168 
Davy smethodof isolatmgsodium, 
11 27 

Dead black, ii 82 
Dedifferentiation, ii 181 
Delafield s hsmatoxjlm, ii 193 
Delayed action, ii 6 
Demagnetise! — alternating cur- 
rent, 1 133 

Density, with rubber balls, i 16 
Dcsignogroph, ii 233 
Detectors, sound, i 111 
Diagrams, block, i 241 
pi eservation, ii 74 
Diaphragm in breathing, u 141 
Dichromate titiation, ii 138 
Dielectric constant, i 177 
Difierence tone, i 117 
Diffraction grating, siUc mesh, 

I 84 

of sound, 1 113, 114 
rings, optical, 1 88, 114 
Diffusion of gases, ii 40 
rates of, ii 42 
Dilatomeler, sensitive, i 49 
Dunethylamline and mtnc acid, 

II 113 
Dimmer, i 77 

Diphenylomme indicator, ii 138 
Dips, for metals, ii 82 
Direct current supply, i 65, 179, 
183 

Discord, 1 117 
Dissociation (animal), i’ 181 
influence of pressure, ii 127 
pressure, ii 128 
Distributing board, ii 23 
Doppler effect, i 115 
Dox s nutrient agar, ii 155 
Dragoyle, ii 234 
Dressing for wounds, ii 250 
Duty free spirits, instructions, 
11 266 

Dynamo, experiments on, i 181 


E M F , thermo junction standard, 
1 175 

Weston standard, i 176 
Earth, rotation, i 26 
Eddy currents, heating effect, 
1 194 

repulsion due to, i 173 
Effusion of gases, ii 45 
Eggs, spmnuig of, u 233 


Elasticity coefficient of restitu- 
tion, 1 23 

Electric dischaige in neon, i 199, 
201, 213, 216 
writing, 11 245 

Electrification, by evaporation, 

I 192 

by flame, i 191 
by friction, i 191, 216 
Electrodeless dischaige, i 216 
Electrodes and holders, ii 21 
changes in concentration oroun d, 

II 27 

Electrolysis, cello for, ii 25 
class work m, i> 22 
of li^diochloric acid, ii 51 
Electrolyte, resistance of, i 219 
Electrolytic oxidation and reduc- 
tion, 11 2b 

preparation, efficiency of, ii 28 
of pigments, ii 98 
Electromagnet, i 136 
Electromagnetic induction, i 173, 
193, 194 

Electrophorus, i 190 
Electroscope, i 184 
calibration of, i 188 
Embedding, ii 188 
End correction by ICundt o tube, 

I 123 

Endoerme glands, ii 177 
Enzyme action, mfluence of acidity 
and alkalmity on, 11 72 
Eosm, indicator, ii 139 
Episcope, 1 227 
Equivalent ratios, ii 30 

weights referred to ohlorme, ii 
34 

Eyglena, culture, ii 169 
Eutectic mixture, lead and tin, 

II 3 

Everflowmg tap, ii 233 
Expansion, linear, i 47 
of gases, 1 60 
of liquids, 1 48, 61 
Explosion uave, II 10 
Exponential law, illustration, ii. 
110 

Eye accidents, treatment, ii 250 


Fading, acoustical, i 118 
Fainting, treatment, ii 253 
Falling plate, i 3 
Faraday wax, recipe, ii 81 
Feme salt and potassium ’odide, 
u 112 
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Filling for graduation marks, ii. 77 
Fire alarms, ii 223 
First-aid notes, ii 249 
Fixing media, ii. 186 
Flagellates and acidity, ii, 227 
Flame, coloured, i. 102 
ions m, 1 . 191 
manometric, i. 112 
sensitive, i 112 
Sodium, I 84, 103 
Flame-cap formation, ii. 11 
“ Floating ” magnets, ii. 243 
Flotation, i. 18 

Flow of water at different heads, 
i. 24 

Fluorescein (indicator), ii. 139 
Fluorescence, i. 02 
Fluxes, 11 . 79 
Fluxmeter, i IGS 
Focal isolation of violet light, z 90 
Foot-blowers, repair, ii. 78 
Foot-rot of barley, ii. 215 
Forces, physical independence of, 
1 23 

Foucault’s pendulum, i 26 
Free-fall apparatus, i. 6 
Freezmg points, Richards’s 
method, ii 86 
Frequency meter, i 131 
Flog, effect of thyroid, ii 177 
Fungi, culture media, ii 156, 186 
humidity and giowth, ii. 185 
mode of growth, ii. 184 
spore germination, ii 183 
Furnace, electric, i. 245 
Tusmivm, mode of growth, ii 184 
Fusing current, i. 194 

0, 1 1, 5, 8 

Galvanometer lamp, i 195 
Gannurrua, souices, ii. 175 
Gas analysis, ii 35 

calorimetei, a simple, ii 4 
poisoning treatment, ii 252 
Gases, Charles’ law, i 61 
effusion of, ii 45 
equal expansion of, i 60 
specidc heat ratio, i 67 
viscosities of, 1 36 
Gaussmeter, calibration, i. 147, 
151 

construction, i. 146 
reconditioning, i. 156 
Genetics, ii. 174 
Glass as electrolyte, i 209, 214 
testing of, 11 69 
blowmg demonstration, n. 247 


Glycerine-gelatine membrane, ii. 
93 

Gossypimene stam, ii. 193 
Graduation marks, fillmg tor, ii, 77 
Grafting (animal), ii. 180 
Qrantta for animal dissociation, 
11 181 

Growth of fungi, ii 184 
rate of (plant stems), ii 202 
Guard cells, model illustrating 
action, 11 . 222 

H, determmation of, i 146, 151 
Heematoxyhn (Delafield’s), u 192 
(Heidenham’s), ii. 193 
H^oes, i 00 
Heart (rabbit), ii 143 
Heat, mixing hot and cold water. 

I. 41 

Heidenham's hismatoxylm, ii. 
193 

Sehmnthoaporvum aatimim, ii 216 
Hertzian waves demonstration, 
11 243 

Histological methods, ii. 186 
Hollyhock rust, ii. 217 
Hope’s appaiatus, i. 52 
Humidity and growth of fungi, 
11 185 

Hydra culture, ii 170 
to show grafting, ii ISO 
to show legeneiation, ii 179 
Hydriodic acid and cliloric acid, 
n. 119 

Hydnon concentration solutions, 
11 60, 05 

Hydrochloric acid, electrolysis of, 

II. 51 

Hydrofluoric acid, dangers, ii. 255 
Hydiogen, density of, ii. 38 

cliloride, volumetric composi- 
tion, 11 . 62 

peroxide, test for, ii 107 
presence in neon lamp, i 214 
sulphide, supply, ii. 106 

volume of hydrogen m, ii 66 
Hydrometers from pipettes, i 18 
Hydroxides, precipitation of, ii. 67 
Hysteresis, i 140 
beatmg efiect, i 194 

Ice, contraction on melting, i. 44 
Illuminants, i. 234, 236 
Indicator for dicluomatio titra- 
tion, 11 138 
Indicators, ii 69, 64 
adsorption, ii. 138 



252 INDEX 


Industrial methylated spirit, ii 
256 

Ink, removal of, ii 78 
Inoculating needle, u 210 
Insulating materials, i 100 
Interference, acoustic, i lid, 120 
frmges, optical, i 03, 94 
Interrupter, electric current, i 172 
Iodic acid and sodium sulphite, 
II 109 

Iodine, tmcture, ii 251 
Ionic colours m solution, ii IS 
velocities, ii 73 
Ionisation, ii 72 
Ions, presence in flame, i 191 
transference of, ii 2 (j 
I ron ocetocarmine, ii 194 
cement for, ii 82 
rustmg of, 11 68 

Isomorphism, to illustrate, ii 16 
Isomorphous overgrowths, ii 17 


Hater’s pendulum, i 8 
Katharometer, ii 243 
Ketones, Borsche’s reagent, ii 92 
Knop a solution, ii 215 
Koenig’s manometric flame, i 112 
Kundt 8 tube, i 122 


Labelling, ii 75 
Lacquering brass, ii 7b 
Lacquers, ii 82 
Lamp box, i 232 
Lamps, 12 volt, lighting from 
mams, i b4 

Landsbergei s method, molecular 
iveights, 11 8b 
Latent heat of steam, i 43 
Lead chamber piocess, experi 
ments to illustrate, ii 48 
chloride, solubility in hydrogen 
chloride, ii 123 
chromate preparation, ii 08 
spot tests, 11 101 
Liesegang rings ii 9 
Light (coloured) and starch forma 
tion, 11 194 

intensity and growth, ii 205 
narrow beam i bl 
sensitive cell, ii 210 
Lightning conductor, i 192 
Linear expansion, i 47 
Liquefaction of sulphur dioxide, 
1 4b 

Liqmd air demonstration, ii 245 


Liquids, relative expansion, i 51 
Logarithmic law, illustration, ii 
110 

Lumbriculub to show regenera- 
tion, 11 179 

Lumuious cascade, ii 242 

Magnet, moment of, i 151, 157 
Magnetic field stiength, i 146, 151 
matciials, pioperties of, i 137 
tubes, tension in, i 142 
Magnetisation emves, i 140 
Magnetiser — alternating cuirent, 
1 133 

Magnetism — mverse square law, 

I 143 

Magnetometer, i 145 
Magnetostriction, i 161 
Magnets, choice of, i 153, 155 
suspensions for, i 134 
Manganous sulphide (green), ii. 97 
Manometric flame, i 112 
Maps, lelief, i 237 
Malt dip for brass, ii 82 
Melde s experiment, i 129, 169 
Melting pouits, lead tin nuxtures, 

II 2 

Mendehan eharacteristios of Gam 

maru<t, ii 175 

Mercuric iodide, polymoiphism, 
II 94 

Mercury chlorides and multiple 
ratios, 11 84 
ions, spot tests, ii 102 
salts, abnormality, ii 72 
Metabolism ii 194 
Metal constiurtion hints, 1 232 
Metamorphosis, ac celeiation in 
tadpoles, ii 177 
Methyl blue ii 193 

oiange, modified, ii 135 
Methilated spirit icgulations, ii 
25b 

Microaquina, management, 11 Ibl 
Miciomctci (micioscope stage), 
11 201 

parallel plote, i 242 
Micioscope, projection, i 231 
Minor, mounting of, i 235 
Mirrors, silvering, ii 80 
Mixed crystal formation, ii 17 
Molecular weight in solution, ii 8 1 
Landsbciger s method, ii 8b 
Moment meter, magnetic, i 157 
Momliajrucltgena, ii 214 
Monoelimc sulphur, ii 96 
Mosaic disease (tobacco), ii 220 
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Motor generator, i 179 
model eleotrjc, i 197 
speed o£ revolution, i 1S2 
Multiple rat.os, ii 81 
Musical chacacteiiaticn and ivaie 
form, 1 131 

Neon lamp, i 198 

ballasting resistance, i 200 
cmrent required, i 200, 202 
effect of ladiation on i 217 
extmction potential, i 201 
hydrogen in, i 214 
introduction of sodium, i 209 
photometer, i 98 
sparking potential, 1 201 
stabilising of, i 203 
resonance glow, i 214 
Xickei, spot test, ii 104 
Nitric acid and dimethylaniluie, 
11 113 

oude, decomposition of, ii 57 
volume composition, ii 57 
Nitrogen peroxide, action on 
water, ii 47 

catalytic action of, ii 48 
N'trosjl hydrogen sulphate, ii 48 
Nitrous oxide, volume of nitiogen 
m, II 67 

Note, constant, i 109, 207, 223, 

22b 

Nuclear stams, ii 192 

0 ominophtbalic cyclic hydrazide, 
11 7 

O&eZm, dedifferentiation, ii ISl 
Ohm s law, i 218 
Onion leaves, absence of starch, 
11 195 

Optical black, ii 82 
hormonograph, ii 239 
lantern, i 231 

projection on vertical board, 

I 64 

smoke box, i 63 
Organic combustions, ii 87 
Oscillations, electiomagiietic, i 
222 

Oscillator for conductivity vork, 

II 121 

musical, 1 109 207, 226 
Osmosis expenmeiits, ii 94 
Osmotic pressuie, ii 93 
Overgiowths (isomorphous), ii 17 
Oxalic acid and chionuc acid, 
11 120 

and sulpliuric acid, ii 116 


Oxidation, electrolytic, ii 26 
Oxidising agents and sodium 
thiosulphate, ii 100 
Oxy ammonia flame, ii 10 
Ozone, reactions of, ii 49 

faint, dead black, i 236 
Paper strips, i 127 
Paraffin sections, tieatment, ii. 
190 

Paramecia and acidity, ii 226 
and alkalinitj , ii 225 
Parameaium culture, ii 166, 173 
Photoelectric cell, ii 241 
effect,! 217 

Photometer Bunsen, i 95 
Iiummer Brodhuii, i 96 
neon lamp, i 98 
Photometry in daylight, i 95 
Photomicrography, i 236 
Photosynthesis and monochro- 
matic light, 11 198 
Phyocerythin in red algie, ii 196 
Physiology, animal, ii 141 
Picric aniline blue, ii 194 
acid for bmns, ii 249 
Pigmentary eSect of pitmtary, 
11 178 

Pigments, electrolytic preparation, 
11 98 

Pm hole, I 86 
camel a, i b7 

Pitmtoiy, pigmentary effect, ii 
178 

Plonarians, to show reduction, 
11 180 

to show regeneration, ii 179 
Plant mateiial for water cultures, 
11 158 

pathology, ii 207 
stems, late of growth, ii 202 
tissues, reaction of, on mdica 
tors, 11 72 

Flasmic stains, ii 192 
Pomt Source of light, i 88 
Poisoning, tieatment, ii 252 
Folansation, electrical, i 177 
Polarised light experiment, ii 237 
Polarity of electric mams, i 199 
Pole stiength, i 165 
Poles, location of i 163 
Potato, potash hunger, ii 220 
wound reactions, ii 219 
Potential stabilisei i 205 
Potentiometer, diiect reodmg, 

1 220 

Pressure, meanmg of, i 24 
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Prisms, skew, i 73, 246 
Projection (optical), slide experi- 
ments, ii 229 
Piojector, 1 7o 
Protozoa, cultures of, ii 161 
Pucciniatiiti<yina,u 216 
Pyihvum de baryanum, ii 212 


Qualitative analysis, ii 101 


Rabbit, dissection of diaphragm, 
11 141 

Radiation absolute measure 
ment, i 63 
Stetan’s law, i 56 
Rambow, i 89 
Rate of reaction, ii 107, 112 
Reaction, electromagnetic, i 226 
Reagent bottles, labellmg, ii 76 
Reagents for spot tests, ii 101 
Real image, ii 237 
Recalescence of steel, ii 1 
Recipes, woikshop, ii 79 
Reconstitution (animal), ii 181 
Rectifiei, neon lamp, i 204 
Reduction (animal), ii 180 
electrolytic, ii Zb 
Reflection of sound, i 118, 120 
Reflector, cylmdrical, i 119 
spherical, i 119 

Retractive index of glass, i 100 
of liquid, 1 100 
Regeneration, ii 179 
Relief models, i 237 
Resistance for mams control, i 66 
electrolytic, i 219 
high, 1 200, 202, 221 
measurement bj charging con- 
denser, 1 206 

temperature coefficient, i 221 
Resonance, i 121, 122, 129 
optical, 1 214 

Resonator, frequency of, i 125 
Resozption, ii 181 
Respiration of roots ii 222 
Restitution, coefficient of, i 23 
Revolution, speed of, i 132 
Rheostat, liquid, i 77 
Mhizopus mgneana, spores, ger 
mination, ii 183 

Bhydomema and phyemrythm, u 
196 

Richards s method, freezing 
points, 11 86 
Ripple tank, i 37 


Rod, vibrations of, i 127 
Roots, lespiration of, ii 222 
Rustmg of iron, ii 68 


Scattermg, optical, i 101 
Scotsman’s ^emma, ii 236 
Screen, transparent, i 108 
Sealmg wax, recipe, ii 81 
Section cuttmg and mounting, 
11 190 

Seedlmgs, damping o3, ii 212 
Seeds, method of mountmg, ii ] 99 
Sensitive paper (heat), ii 78 
Silica experiments, ii 99, 245 
Silicate growths, ii 246 
Silver, catalytic efiect of, ii 6 
colloidal, 11 8 
mercuric iodide, ii 95 
recovery, ii 96 
spot test, 11 102 
Silvering liquor, ii 80 
Skew prisms, i. 73, 246 
Slide experiments, projection, ii 
229 

Slides for crystals, ii 15 
Sht, paiallel sided, i 85 
Smoked paper, fixmg trace on, 
1 127 

Snoudrop leaves, absence of 
starch, 11 196 

Soap bubble, mternol pressure, 
1 35 

solution, 1 35 

Sodium chloride, solubility m 
hydrogen chloride, ii 123 
flame, i 84, 102 
formate and bromine, ii 117 
hypochloiite, electrolytic pre- 
paration of, ii 28 
isolation of, ii 27 
presence in glass, 1 211 
sulphite and iodic acid, ii 109 
thiosulphate, liberation of sul- 
phui, 11 108 
oxidation, ii 100 
Soft rot (carrot), ii 218 
Soil reaction, ii 71 
Solar eclipse model, i 91 
photography, i 67 
Solders, ii 79 

Solubility curve (closed), ii 124 
method, ii 122 
product, 11 126 

Solutions for water cultures, 11 166 
Sonometer, i 128 
wire, 1 129 
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iSovmd, musical, generation o(, 
i. 109, 207, 226 

non-transmission through 
vacuum, i. 122 

Specific gravity of floating body, 

i. 21 

lever method, i. 20 
heats, ratio for gases, i. 67 
inductive capacity, i. 177 
Spectra, demonstration, i. 103 
line, i. 102, lOS, 213, 244 
Spectrum, i. 64 
gate, i. 73 

Spherical aberration, i. 99 
Spirostoma and alkalinity, ii. 223 
Spiroslomum culture, ii. 173 
Spot tests, ii. 101 
Spring clips, i. 64 
Stage micrometer, ii. 201 
Staining, ii. 191 
Stains, biological, ii. 102 
Starch, absence from monocoty- 
ledonous leaves, ii. 195 
conversion into sugar, ii. 195 
formation and coloimed light, 

ii. 194 

from sugar, ii. 195 
in the dark, ii. 196 
test for, in solarised leaf, ii. 199 
Stationary waves, ii. 233 
Steam calorimeter, i. 43 

distillation demonstration, ii. 
247 

Steel bronze for brass, ii. 82 
irregular expansion, ii. 2 
'non-magnetic when red hot, ii. 2 
recalescence, ii. 1 
Stefan’s constant, i. 64, 66 
Still-head, ii. 19 

Stomata and guard cells, ii. 222 
Stroboscope, ii. 239 
Sulphur dioxide, volumetric com- 
position, ii. 53 
polymorphism, ii. 96 
trioxide, volumetric composi- 
tion, ii. 56 

Sulphuretted hydrogen, supply, 
ii. 106 

Sulphuric acid and oxalic acid, 
ii. 116 

Sunset, artificial, i. 101 
Surface tension, angle of contact, 
i. 32 

and shape of soap bubble, 
i. 34 

of soap film, i. 33 
phenomena, i. 28 


Suspension devices, i. 134 
Sycon for animal dissociation, ii. 
181 

Tadpoles, acceleration of meta- 
morphosis, ii. 177 
Tap, ever-flowing, ii. 233 
Temperature, effect on growth, ii. 
184, 204 

change, effect on protozoa, ii. 
228 

Thermometer, platinum resistance, 

i. 222 

Thermopile, sensitive, i. 64 
Thermostats, ii. 129 
Thorax (rabbit) contents, ii. 142 
Tliyroid, effect on frogs, ii. 177 
Tin, spot test, ii. 103 
Tobacco, mosaic disease, ii. 220 
Treatment of bench tops, ii. 76 
Trolley, simple, i. 6 
Tropisms, ii. 223 
Tuning-fork, frequency of, i. 127 
maintained, i. Ill 

Ultra-violet light, i. 91, 92 

Valves (anatomical), models, ii. 
149 

Vapour pressure, lowering, ii. 133 
phenomena, i. 45 
Velocities of ions, ii. 73 
Violet light, focal isolation, i. 90 
Viscosity, gases, i. 36 
liquids, i. 36 

Voltmeter, for A.C., i. 171 
Volumetric composition of gases, 

ii. 50 

Vortex rings, ii. 233, 246 

Water, anomalous expansion, 
i, 49, 52 
cultures, ii. 156 

gravimetric composition, ii. 32 
volumetric composition, ii. 50 
Water-glass — lime cement, ii. 81 
Wave form and musical charac- 
teristics, i. 131 

Wave-length of light with pin-hole, 
i. 86 

with silk mesh, i. 84 
of sound, i. 120 

Wave machine, longitudinal,!. 131 
Waves, electromagnetic, detec- 
tion of, i. 216, 224 
stationary sound, i. 120 
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Weston standard cell, i. 176 
Wheat, brown rust o£, ii. 216 
Wheatstone bridge for resistance 
thermometer, i. 221 
Whispering gallery, i. 120 
White light, i. 80 
Wireless reception, i. 224 
transmission, i. 224, 226 
Workshop recipes, ii. 79 


Wound reactions, potato, ii. 219 
Wounds, treatment of, ii. 251 

Young’s fringes, i. 93, 94 

Zinc, action of sulphuric acid on, 
ii. 107 

Zone plate, acoustic, i. 114 
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